UNCLASSIFIED 


AD  NUMBER 


AD025412 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


EROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  Sep  1953. 
Other  requests  shall  be  referred  to  Army 
Biological  Labs,  Fort  Detrick,  MD. 


AUTHORITY 


Army  Biological  Defense  Research  Center 
Itr  dtd  25  Aug  1971 


THIS  PAGE  IS  UNCLASSIEIED 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 

T!’OR  A!T-'  FI^POSS  OTHER  TE/;?T  IH  WITH  A DEFII'HTELY  RELATED 

g6ve"^MENT  PROCUREMENT  OPERATION,  THE  U S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 


Reproduced  by 

DOCUMENT  SERVICE  CENTER 

KNOTT  BUILDING,  DAYTON,  2,  OHIO 


AO  I 

THE  PERSISTKIICE  (SURVIVAL)  OP  MICROOROAUISMS 


PINAL  REPORT  OF  LITERATURE  SURVIiY 


I 


carried  out  by 


THE  UNIVERSITY  OP  TEXAS  - MEDICAL  BRANCH 


for 


P D DIVISION 

THE  BIOLOOICAL  LABORATORIES,  CHEMICAL  CORPS,  CAMP  DETRICK 


On  Oontrnot  DA  - 16  - 064  " CML  - 4^3 


REPRODUCTION  QUALITY  NOTICE  i 


This  document  is  the  best  quality  available.  The  copy  furnished 
to  OTIC  contained  pages  that  may  have  the  following  quality 
problems: 

• Pages  smaller  or  larger  than  normal. 

• Pages  with  background  color  or  light  colored  printing. 

• Pages  with  small  type  or  poor  printing;  and  or 

• Pages  with  corrdnuous  tone  material  or  color 
photographs. 

Due  to  various  output  media  available  these  conditions  may  or 
may  not  cause  poor  legibility  in  the  microfiche  or  hardcopy  output 
you  receive. 


LJ  if  this  block  is  checked,  the  copy  furnished  to  OTIC 
contained  pages  with  color  printing,  that  when  reproduced  in 
Black  and  White,  may  change  detail  of  the  original  copy. 


LIST  OP  SECTIONS 


I.  The  Peraiatnneo  (Survival)  of  Organisms  In  Air. 

II.  The  Perslatenoe  (Survival)  of  Organisms  in  the 

Body  and  Body  Materials. 

III.  The  Persistence  (Survival)  of  Organisms  in  Culture. 

IV.  The  Persistence  (Survival)  of  Organjsms  in  Pood. 

V.  The  Persistence  (Survival)  of  Organisms  in  Insects. 

VI.  The  Effects  of  Pressure  on  the  Persistence  (Survival) 
of  Organisms, 

VII.  The  Effects  of  Radiation  on  the  Persistence  (Survival) 
of  Organisms . 

VIII.  The  Persistence  (Survival)  of  Organisms  in  boll. 

IX.  The  Persistence  (Survival)  of  Organisms  on  Surfaces. 

X.  The  Persistence  (Survival)  of  Organisms  in  Water. 


CESIGNATION  OF  TABLES 


The  Persistence  (Survival)  of  Organisms  In  AIR« 

The  Persistence  (Survival)  of  Organisms  In  the 
BOPy  and  BODY  MATERIALS. 

The  Persistence  (Survival)  of  Organisms  In  CULTURE. 

The  Persistence  (Survival)  of  Organisms  In  POOD. 

The  Persistence  (Survival)  of  Organisms  in  INSECTS . 

The  Effects  of  PRESSURE  on  the  Persistence  (Survival) 
of  Organisms. 

The  Effects  of  RADIATION  on  the  Persistence  (Survival) 
of  Organisms. 

The  Persistence  (Survival)  of  Organisms  in  SOIL. 

The  Persistence  (Survival)  of  Organisms  on  SURFACE^v. 
The  Persistence  (Survival)  of  Organisms  in  WATER. 


INDEX  OP  TABLES 


Bp©ol«s 

A 1,  B 1,  C 1,  C 2,  P 1,  P 1,  R 1, 
s 1,  su  1,  w 1.  : 

Bacteriophage  (undar 
viruses) 

(also  A9  under  Protozoa) 

Borrelia,  Leptospira, 
Spin' Hum,  Treponema 

B2,  C4,  C 23,  I 1C,  P 1,  W 6, 

Brucella 

A 2,  B 3,  C 0,  P 2,  I 3.  P 1,  R 4, 
S 2,  Su  2,  r 3. 

Clostridium 

06,  P 3,  I 4,  S 3,  Su  3,  W 4. 
(see  also  A 3,  B 4 under  generaiy 

Coliform  spp. 

A 5.  B 6,  C 9,  P 4,  I 5,  P 1,  R 6, 
s 4,  Su  4*  V 5. 

Corynebacterium 

A 3,  B i|.»  C 7,  P 6,  I 6,  P 1,  R 8, 
S 0,  Su  0,  W 9. 
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0 22  The  Persistence  (Survival)  of  Organisms  in  CULTURE. 
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Su  16  The  Perelstonce  (Survival)  of  Organisms  on  SURFACES. 
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She  work  on  this  project  was  carried  out  over  the  period  of 
1 April*  1951  to  E8  February,  1953. 

Considerable  interest  has  evidenced  Itself  since  the  study  of 
microbiology  was  begun  to  determine  the  survival  or  death  of  organisms 
under  the  influence  of  nature,  as  vrell  as  physical  factors  under 
laboratory  conditions*  Ihe  reports  of  these  studies  are  scattered 
throughout  the  biological  literature.  Biey  have  never  been  collected 
in  a survey  in  an  effort  to  bring  all  of  the  available  data  together 
for  correlation  of  the  material. 

A sxirvey  of  the  literature  has  been  made  on  the  survival  and 
persistence  of  microorganisms  under  varying  conditions  as  follows: 

Methods  and  Materials 
I 1.  Information  on  the  stability,  persistence  or  survival  of  micro- 
organisms under  natural  or  experimental  conditions  may  be  found  in 
bacteriology  textbooks,  scientific  biological  journals,  abstracting 
journals  and  in  Indices  such  as  the  Quarterly  Cumulative  Index  Ifedlcus. 

E.  A systematic  survey  of  these  sources  gave  as  full  a coverage  of 
the  literature  as  possible  for  this  project. 

3.  The  primary  sources  for  material  in  this  project  were: 

(a)  Bacteriology  texts  by:  Topley  and  Wilson,  Zinsser,  Dubos, 

Rivers,  and  other  texts. 

(b)  Biological  Abstracts 

(c)  Chemical  Abstracts 

(d)  Quarterly  (hunulative  Index  Medlcus 

Original  articles  were  then  obtained  from  the  original  joiirnale. 


4,  !The  range  of  Information  collected  appears  in  a selected  outline 
below  j 

(a)  Source 

1.  Air 

bacteria 

fungi 

mlcroorganisnus 

rickettsia 

viruses, 

survival  of 
persistence  of 
recovery  of 

2.  Body  (as  under  air) 

Culture  Uedla  (as  under  air) 

4.  Food  (as  under  air) 

5.  Insects  (as  under  air) 

6«  Pressure  (as  under  air) 

7.  Radiation  (as  under  air) 
e«  Soil  (as  under  air) 

9,  Surfaces  (as  under  air) 

10.  Water  (as  under  air) 

(b)  Organisms  (general) 

1 . Bacteria 

persistence  of 
survival  of 
recovery  of 

in  water  or  ice 
in  air 

on  or  in  Insects 
In  soil 
in  milk 
in  food 
in  feces 

on  stirfaces  (wood, glass, concrete, etc. ) 
under  natural  conditions 

2.  Microorganisms  (as  under  bacteria) 

3.  Rickettsia  (as  under  bacteria) 

4.  Viruses  (as  under  bacteria) 

5.  Yeasts,  molds  and  fungi  (as  under  bacteria) 
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(c)  Particular  (organisms)  diseases 
1.  Anthrax- Baci'^  lus  anthracls 

S,  Brucellosis  - Brucella  abortus . melltensis,  suls 

3,  Cholera  - Vibrio  conrnia 

4,  Coccidiomycosis  - Coccidlodes  Immltls 

5,  Dysentery  - Shigella  spp. 

6,  Encephali tides  - viruses 

7,  influenza  - virus 

8,  Plague  - Pasteurella  pestls 

9,  Poliomyelitis  - virus 

10,  Psittacosis  - virus  (and  other  viral  diseases) 

11.  rularemia  - Pasteurella  tialarensls 

18.  Tuberculosis  - Mycobacterium  tuberculosis 

13.  Typhoid  - Salmonella  typhosa 

14.  Typhus  - Rickettsia  (and  other  rickettsial  diseases) 

15.  And  others 

5.  The  material  in  the  textbooks  mis  covered  chapter  by  chapter  on 
each  genus  or  species  of  organism  and  original  references  to  the  lit- 
erature as  well  as  general  statements  in  the  text  were  recorded  on  a 
special  form.  Information  relating  to  each  species  was  recorded  on 
individual  sheets.  Specific  references  from  the  body  of  the  text  and 
bibliography  of  the  chapter  were  recorded  with  specific  data  on  a 
special  form  on  a 5»<  x S'*  file  card. 

6.  The  Abstracting  Journals  were  searched  as  follows.  For  each 
Biological  and  Chemical  Abstracts,  a complete  list  of  the  index 
titles  which  might  yield  information  pertaining  to  the  project  was 
prepared  and  was  used  as  a guide  for  searching  through  each  yearly 
index.  References  of  apparent  value  were  taken  on  a form  listing 


subject  and  abstract  numbers.  After  completing  a yearly  index,  the  ab- 
stracts were  checked  from  the  numbers  recorded  to  determine  if  they 
had  information  on  survival  and  persistence.  If  not,  the  reference 
was  discarded.  If  questionable,  the  title  was  taken  to  check  the 
original  article.  If  pertinent,  specif io  data  was  recorded  on  the 
face  of  the  file  cards  and  general  methods  were  recorded  on  the  back 
of  the  card. 

!Die  original  article  was  obtained  vherever  possible  and  read  for 
further  data  and  to  check  the  data  in  the  abstract  for  accviracy. 

General  information  on  methods  was  recorded  on  the  back  of  the  card. 
References  in  these  articles  to  original  work  were  recorded  on 
separate  file  cards  and  the  original  articles  obtained  and  read  for 
appropriate  data  and  information. 

7 . Bie  Quarterly  Cunrulative  Index  Medicus  titles  were  surveyed  and  a 
list  of  titles  which  might  yield  information  pertaining  to  the  project 
was  prepared.  Since  only  titles  of  articles,  and  not  abstracts,  ap- 
peared in  this  publication,  the  appropriate  titles  were  taken  directly 
to  the  file  cards.  Bie  original  articles  were  checked  as  were  the 
articles  found  in  the  abstracting  jo\imals,  read,  and  data  recorded. 

8.  The  Library  of  the  university  of  Texas  Medical  Branch  has  an 
extensive  number  of  domestic  and  foreign  scientific  journals.  However, 
since  some  original  articles  appeared  in  journals  not  available  in 

oxir  library,  reprints  were  requested  whenever  possible  from  the 
authors , or  requested  from  the  microfilm  service  of  the  Army  Medical 
Library  in  Washington,  D.  C. 

9.  The  cards  were  filed  according  to  subjects;  Air,  Body.  Culture. 
Pood.  Insects . Pressure . Radiation,  Boil.  Surfaces  and  Water  with 
cross  reference  cards  in  each  section  vhere  an  article  had  information 


on  persistence  of  organisms  in  or  on  more  than  one  of  the  topics  listed. 
From  the  cards,  the  data  were  transferred  to  forms,  collecting  all 
of  the  particular  information  on  one  group  of  organisms  together. 

This  information  was  then  tabulated  on  raultilith  stencils  and  a sur- 
vey of  the  data  prepared  for  each  section. 

Note  here  I Because  of  the  tremendous  amount  of  data,  it  has  been 
impossible  to  collect  it  in  a form  to  suit  all  who  may  need  turn  to 
it  for  reference.  It  is  recommended  for  those  who  have  a particxilar 
interest  in  one  factor  affecting  the  stirvlval  of  organisms  or  the 
factors  affecting  the  sxarvlval  of  one  organism  that  they  use  these 
tables  as  a guide  and  refer  to  original  work  in  the  references  for 
more  complete  Information. 

It  is  certain  that  with  a large  report  of  this  type  that  one 
might,  by  close  reading,  be  rewarded  some  misspelled  words,  some 
occasional  organisms  slightly  misplaced  and  some  of  the  references 
listed  by  v?rong  voltame  or  page.  It  should  be  noted  also  that  the 
literature  covered  in  the  report  is  from  1885-1953.  During  that 
time  the  names  of  organisms  have  changed  several  times  with  the  result 
that  old  or  outdated  names  may  appear  in  certain  places  in  the  report. 
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THE  SURVIVAL  OF  ORGANISMS  IN  AEROSOLS 
One  of  the  important  methods  of  transmission  of  disease  producing 
organisms  is  through  the  air — air  borne  infections.  An  aerosol  is  a 
suspension  of  particles  in  air,  in  this  particular  instance  a suspen- 
sion of  microorganisms  in  air.  In  nature,  organisms  may  get  into  the 
air  from  the  wind  blowing  over  water  and  soi3,  raising  microscopic 
water  particles  and  dust  particles  into  the  air  and  suspending  them 
there.  Potential  pathogens  get  into  the  air  of  human  environment 
from  sneezing,  coughing  and  expectorating  as  well  as  from  clothes, 
bedding,  sweeping  of  floors  and  other  similar  sources.  Under  such 
conditions  these  factors  affect  spread  of  infection  (1)  the  organism 
virulence;  (2)  the  host  susceptibility;  (3)  effect  of  environment 
on  organism  preventing  or  aiding  it  in  survival. 

Aerosols  of  mioroorganisms  may  be  set  up  experimentally  by  man 
In  open  or  closed  areas  to  study  various  factors  affecting  survival. 
These  factors  may  be  divided  for  convenience  as  to  (1)  environmental 
factors  and  (S)  organism  factors. 

These  aerosols  may  be  of  organisms  not  usually  considered  as  air 
borne  Infection  organisms  as  we  usually  consider  them  in  nature. 

Environmental  Factors  Affecting: 

Ifliere  are  many  major  and  minor  factors  which  may  affect  the 
ability  of  an  organism  to  survive  in  an  aerosol.  The  medium  in 
which  the  organism  is  grown  and  the  medium  from  which  it  is  suspended 
for  spraying  may  aid  or  adversely  affect  the  organism.  The  growth 
medium  may  supply  nutrients  for  production  of  active,  well-developed 
cells.  The  suspending  medium  provides  osmotic  effect  as  well  as 
protection  against  drying  too  rapidly  or  slowly,  protection  against 
radiation  and  other  forces. 


!the  temperature  of  the  air  may  affect  the  aun/lval  of  an 
organism  in  an  aerosol  to  a certain  extent.  Usually  at  higher 
temperature  lower  recoveries  may  be  expected  if  the  relative  humidity 
(RH)  is  constant. 

The  RH  of  the  air  is  very  important  in  the  survival  of  organisms. 
Various  organisms  may  respond  differently  to  high  and  low  RH  but 
usually  at  a 50^  RE  greater  destruction  of  the  organisms  result. 

At  high  or  low  hxualdlties  better  recovery  may  occur.  As  noted, 
individual  organism  types  may  respond  differently  to  different 
humidity  levels.  Some  organisms  are  killed  if  they  dry  too  rapidly 
so  low  RE  levels  are  detrimental.  Others  appear  to  give  lower 
recoveries  if  sprayed  into  very  high  hximidity  air.  From  theoretical 
gMunds  this  might  be  explained  on  the  basis  that  particles  sprayed 
into  saturated  air  may  act  as  nuclei  of  rain  drops  and  precipitate 
out  or  may  merely  hit  one  another  and  form  large  particles  which 
stick  together  and  then  precipitate  out  of  suspension. 

The  amount  of  radiation  present  affects  the  rate  of  organism 
survival  in  an  aerosol.  Organisms  are  destroyed  in  sunlight  and 
artificial  sources  of  ultra  violet  more  readily  then  if  present  in 
an  aerosol  in  semi-darkness  or  in  absence  of  all  light  or  artificial 
radiation.  The  sunlight  accounts  for  a great  amount  of  destruction 
of  air  organisms  along  with  desiccation. 

The  method  by  which  organisms  are  rendered  air-borne  is  impor- 
tant in  their  survival  as  aerosols.  In  nature,  organisms  covered 
with  a film  of  moisture  or  soil  or  oily  film  of  dust  will  be  pro- 
tected against  desiccation  and  rndlatlon.  In  experimental  aerosol 
production,  tlie  type  of  spray  device  is  of  Importance,  The  rate  of 
spray,  amount  of  shearing  force  put  on  the  cell  and  the  size  of 
parrlcle  developing  will  affect  survival  in  the  air.  Some  sprayers 
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niay  destroy  the  cells  by  tlie  force  of  spray;  others  form  large 
particles  v/hich  do  not  stay  air  borne  for  long  periods.  For 
infecting  animals,  particles  smaller  than  10  raicra  in  diameter 
must  be  formed  aaid  viable  organisms  must  be  present. 

In  nature  the  amount  of  air  movement  is  important  in  keeping 
the  organisms  suspended.  Also  important  is  the  resuspension  of 
organisms  as  secondary  aerosols  by  air  and  wind  movement  as  well  as 
by  human  and  vehicle  traffic. 

The  method  of  sampling  aerosols  is  important  in  evaluating 
the  resTilts,  If  present  as  large  particles  (over  10  micra  in  dia- 
meter) then  they  will  settle  out  rapidly  and  may  be  sampled  on 
"drop-plates".  Various  types  of  samplers  may  collect  particles  within 
a certain  range — some  particles  may  be  too  big  and  others  too  small. 
This  must  be  taken  into  consideration.  As  mentioned  previously, 
particles  above  10  micra  in  diameter  are  too  large  to  be  respired 
by  animals  so  that  aerosols  of  particles  may  be  quite  viable  but 
too  large  to  cause  respiratory  Infection, 

Organism  Factors  Affecting; 

Each  genus  and  species  of  organism  may  have  its  o\m  character- 
istics vhlch  may  protect  it  from  destruction  when  present  as  an  air- 
borne organism.  The  Individual  strain  of  organism  sometimes  has 
certain  characteristics  which  allovf  it  to  rema,ln  viable  more  or  less 
long  than  closely  related  strains  and  species.  Some  orgwnlsras  .lay 
be  protected  by  their  presence  as  a spore  or  by  tlielr  capsule  or 
resistant  cell  vaall.  All  of  these  characteristics  resist  the  forces 
of  nature — desiccation,  radiation  and  temperature  changes  as  well. 

Tlio  size  and  shape  of  the  organJ.sm  nn.d  rigidity  of  1h.e  coll  wr.].!  aii'i 
an  org.'ajls.i  to  resist  the  forces  present  in  spraying  procedures. 


Bie  age  of  the  cells  (in  the  growth  curve)  at  the  time  of 
spraying  determines  to  a certain  extent  their  resistance  to  desicca- 
tion, radiation  and  other  factors.  Hie  length  of  storage  before 
spraying  may  be  another  factor.  Hie  numbers  of  organisms  In  the 
spray  medium  and  the  total  numbers  of  organisms  will  also  affect 
the  length  of  survival  of  the  aerosol. 

SUMMARY 

^Bacillus  (Table  A 1)  B.  ant hr ac is  spores  resisted  ozone  for  4 hours 
and  could  withstand  direct  sunllglit  for  days.  B.  subtllis  resisted 
U7  and  remained  viable  in  air  for  5-7  days,  experimentally.  B.  an- 
thracls  apparently  survived  200  F.  for  24  hours.  B.  megatherium 
was  transported  for  many  miles  by  storms. 

^Brucella  (Table  A 2)  Brucella  mellte ns is  survived  in  dust  for 
30-44  days  experimentally.  In  nature  it  survived  equally  long.  High 
rainfall  areas  have  Brucellosis  - arid  areas  none.  Sunlight  quite 
effective  in  killing  organisms. 

^Clostridium  (Table  A 3)  Vegetative  cells  susceptible  to  oxygen. 
<»Corynebacterlum  (Table  A3)  Hie  diphtheria  organism  survived  in 
dust  for  7-102  days  or  longer.  Organisms  found  in  air  from  diph- 
theria patients.  It  survived  48  hours  in  air. 

«-Lac  tobaclllus  (Table  A3)  The  org.'Uiisms  (L,  acidophilus ) settle 
out  of  air  rapidly  (5-10  minutes).  Radiation  is  not  too  effective 
against  it. 

^Neisseria  (Table  A3)  The  N.  meningitidis  organism  can  travel  and 
Infect  in  wards  up  to  5 feet  in  distance. 

»Vibrio  comma  (Cholera)  (Table  A3)  During  the  cold  months  the 
organism  dries  and  dies.  Experimentally  dried  in  air  it  may  survive 
up  to  108  hours. 
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»DiplocoGcus  pneumoniae  (Table  A 4)  survives  only  42  minutes  in 
sunlight  hut  42  hours  in  dark.  RH  of  50j?  is  very  lethal  hut  not 
with  NaCl  removed.  The  lethal  effect  is  raised  with  larger  particles 
and  higher  temperatures.  Organisms  in  floor  dust  for  over  one  month. 
Usual  survival  in  air  is  short  hut  many  survive  for  48  hours, 
^i'EscherlcIiia  coll  (Table  A 5)  Recoveries  up  to  25^  many  he  obtained 
in  air.  Faintly  resistant  to  ultra-violet  especially  ?d.th  increased 
humidity.  Cigarette  smoke  protects  from  chemicals  in  air.  It  may 
survive  up  to  4 years  in  dust. 

^Microorganisms  (Table  A 6)  General  factors  affecting  survival  of 
organisms  at  altitudes  are  presented.  Some  organisms  found  up  at 
70  thousand  feet.  In  experimental  studies  factors  affecting  survival 
of  organisms  in  general  are  presented  (temperature,  radiation,  chemi- 
cals, air  conditioning).  Scattered  reports  are  listed  for  Erwlnla, 
Hemophj.lus , Malleomyces . Micrococcus . Proteus . pseudomonas  and  Sar- 
clna.  Several  reports  are  present  for  Serratls  as  follows : The 

organism  survives  as  long  as  one  day  in  air.  One  report  indicates 
using  nose  as  sampler.  Nose  and  throat  fluids  ; re  toxic  to  Serratla . 
Low  humidity  destroys  organism  rapidly,  Reports  on  Proteus  suggest 
survival  of  2-12  days. 

■»»lltycobaeterlum  tuberculosis  (Table  A 7 ) Organism  survives  8-14  days 
in  dust  and  4-7  days  in  sputum  droplets  but  2 months  in  sputum. 
Ultra-violet  and  glycols  tested  against  organism. 

^i'Pasteurella  (Table  A 8)  The  plague  organism  dies  rapidly  on  drying 
but  is  Infective  by  air  route.  The  tularemia  organism  is  Inhaled  from 
grain  dust  to  infect*. 

^Protozoa  (Table  A 9)  E.  hystolytlca  cysts  did  not  survive  when  air 
dried. 

♦Phage  (Table  A 9)  survives  air  drying  and  can  be  disseminated 
throxigh  air. 
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»Rlclcettsla  (Table  A 9)  Typhus  may  be  transmitted  throu^  air. 

burnetl  is  reported  in  goat  barn.  Rickettsiae  grovna  in  egg 
and  sprayed  survive  30  minutes  in  air. 

^Salmonella  (Table  A 10)  Sprayed  into  air,  the  organisms  survive 
8-24  hours,  Higlier  Rh  and  temperature  lower  recovery.  Dust  pro- 
tects the  cells  and  organism  survives  sun  rays  for  4-10  hours, 
*Staphyloc oc cus  (Table  A 11)  RH  of  BO;)?  is  lethal.  Survives  3 days 
in  air.  Ozone  not  very  toxic.  Survives  in  floor  dust  for  several 
days.  May  be  quite  resistant  to  W light. 

^Streptococcus  (Table  A 12)  Killed  by  sunlight  in  4 hours  but  lives 
in  dark  for  at  least  65  hours  and  perhaps  up  to  2 weeks.  Good  sur- 
vival in  high  and  how  huraidlty,  but  not  50^  RH.  Infective  as  small 
particles  (2  mlcra).  Particles  near  12  mlcra  diameter  not  as  in- 
fective. Survives  in  air  for  48  hours.  Sxmlight  and  U7  are  detri- 
mental, Organisms  from  air  may  survive  in  blankets  for  4 months. 
Ujiere  may  be  40  per  10  cubic  feet  of  air  in  hospital  wards  or  up  to 
378  per  cubic  foot.  Glycols  nay  reduce  population  90f^, 

■wyiruses  (Table  A 13)  May  be  found  at  hl^  altitudes. 

Influenza  - Survives  in  dust  less  then  3 weeks,  RH  more 
effective  in  destroying  virus  then  higher  RH.  Some  disagree- 
ment, however,  exists  over  RH  effect.  Virus  from  air  on 
blankets  survives  drying.  It  may  survive  many  days  in  air  but 
glycols  and  sunlight  destroy  it  rapidly. 

Vaccinia  - Survives  in  air  8 hours,  being  more  susceptible  to 
destruction  tlian  streptococci.  Resists  radiation  like  bacteria. 
Foot  and  Mouth  - S’jrvives  1 week  in  outdoor  air  and  in  dust. 
Smallpox  - Seasonal  incidence  indicates  low  humidity  favors  the 
disease. 

Infectious  Jaundice  - Virus  carried  in  air  by  being  dust-borne. 
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feasts.  Molds  and  Funal  (Table  A 14)  Some  of  these  species  are 
foTond  at  10  thousand  to  36  thousand  feet  high.  Some  may  travel  100 
miles  or  300-400  miles  or  even  as  far  as  ISOO  miles  to  infect  plants. 
Some  species  isolated  ii.  ..  Resistance  to  UV  is  high. 

Certain  human  diseases  are  affected  by  lo\i  RH  and  vri.nd  to  dry  and 
carry  spores  (coccldlomycosis ) while  others  need  high  RH  and  lower 
temperatures  such  as  Sporotrichosis, 


SURVIVAL  OP  ORGANISMS  IN  THE  DOUy  AND  BODT  MATERIALS 


The  importance  of  the  persistence  of  microorganisms  in  the  "body 
materials  d\n*ing  life  and  after  death  has  been  recognized  as  a ma;]or 
problem  and  hazard  for  a long  time.  The  disposal  of  body  excreta, 
tissues  and  carcasses  themselves  have  been  Influenced  by  the  realization 
that  potentially  pathogenic  orgnnlsms  might  survive  in  them  for  long 
periods  depending  on  certain  factors  of  nature. 

The  handling  of  blood,  tissues,  and  other  specimens  in,  laboratories 
and  hospitals  require  precautionary  measures  since  some  pathogens  may 
remain  alive  for  a short  time  and  others  survive  for  long  periods. 

The  length  of  survival  affects  culture  procedures  for  Isolation  of  the 
organisms  since  the  org^'nism  may  die  off  readily.  On  the  other  hand, 
some  organisms  are  kept  in  blood  or  tissue  in  the  laboratory  because 
the  organisms  survive  in  them  for  a very  long  time, 

A distinct  hazard  and  problem  is  the  persistence  of  pathogens 
In  secretions  and  excretions  such  as  sputum,  urine  or  feces.  The 
proper  disposal  methods  depend  on  organism  survivals  and  persistence 
In  these  materials. 

Of  interest  also  is  the  siurvlval  of  animal,  plant  and  human 
pathogens  in  meats  and  meat  products  or  on  plants  or  plant  products 
which  are  to  be  handled  or  eaten  by  susceptible  individuals  or  v^ch 
are  to  be  disposed  of  without  danger  to  other  susceptibles . 

The  factors  involved  in  the  survival  and  persistence  of  micro- 
organisms in  the  body  and  body  materials  may  be  divided  into  (1)  body 
or  body  material  factors;  (2)  factors  In  nature  and  (3)  organism 
factors. 

Body  or  Body  Material  Factors  Affecting i 


Microorganisms  may  survive  in  body  tissues,  fluids  or  carcasses 


for  varying  lengths  of  time.  The  "body  materials  may  on  one  liand  pro- 
vide food  and  protection  from  outside  influences  or  on  the  other,  may 
throu^  pH  of  stomach  or  Intestine,  antagonistic  organisms  in  the 
Intestinal  tract  or  antibodies  or  other  antibacterial  factors  destroy 
the  pathogens.  Some  organisms  will  survive  for  long  periods  in  vhole 
blood  or  serum  at  low  temperature.  Other  organisms  will  be  in  tissues 
and  be  viable  for  long  periods.  Some  organisms  expelled  in  urine  and 
feces  are  not  destroyed  readily  by  pH  and  antagonistic  organisms  but 
will  be  protected  and  survive.  In  sputum  some  organisms  are  destroyed 
but  may  survive  well  ^dien  suspended  or  dried  outside  the  body.  Body 
fluids  through  protective  colloids  are  able  to  allow  organisms  to  with- 
stand forces  of  nature. 

Forces  of  Hatxire  or  Environment  Affecting  t 

Most  organisms  will  persist  for  longer  periods  at  lower  tempera- 
tures. At  temperatures  high  enough  to  allow  metabolism  to  take  place, 
the  organisms  will  grow  but  kill  themselves  sooner  with  detrimental 
end-products  such  as  acids,  aldehydes  and  other  substances.  The  amount 
of  radiation  will  affect  organism  survival,  depending  on  the  amount  of 
protection  the  cells  have  by  organic  matter.  Wind  and  rain  can  wash 
away  and  dilute  the  organisms.  Freezing  and  thawing  also  may  affect 
the  survival  of  members  of  cells  as  well  as  the  heat  of  the  sun  if 
the  organisms  are  near  the  surface.  Another  factor  affecting  survi- 
val of  organisms  in  body  materials  in  nature  would  be  the  RH  if 
exposed  to  air.  The  Interplay  of  temperature  and  RH  is  important. 

If  not  at  soil  surface,  then  the  depth  at  wiiich  the  body  or  body 
material  is  buried  will  affect  s\irvival. 

organism  Factors  Affecting; 

The  general  and  specific  characteristics  'irtilch  are  a part  of  a 
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particular  cell  will  affect  its  ability  to  survive  in  the  body  and 
body  materials.  The  virulence  of  the  cell  and  its  ability  to  invade 
certain  tissues  are  importnnt  in  determining  its  presence  and  survival 
there.  Its  resistance  to  light  and  other  radiation,  heat  and  cold, 
freezing  and  thavTing,  desiccation  and  temperature,  and  humidity  changes 
will  determine  its  survival  and  persistence.  Ability  to  grow  at  low 
temperatures  or  survive  at  low  temperatures,  the  presence  of  protective 
capsules  or  a spore  stage  or  a particularly  resistant  cell  wall  and 
protoplasm  all  are  important. 
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SI3MMARY 


■ftBaclllus  anthraols  (Table  B 1)  Survival  data  suggest  60-90  days  In 
blood  either  moist  or  dryj  in  guinea  pig  blood  at  25-30  C.  for  1-9 
months  or  at  5-10  C.  up  to  159  days;  the  organism  may  be  fo\md  in  feces 
and  urine  of  cases.  Skin  apparently  inhibits  the  organism.  In  body 
tissue,  survival  is  given  for  several  days  up  to  9 months,  depending 
upon  condition. 

^-Spirochetes  (Table  B 2) 

Borrella  - survival  is  listed  at  refrigeration  temperature  for 
100  days  in  blood,  at  -48  C for  27  months;  in  feces  for  4 weeks 
and  tissues  for  1 year. 

Leptospira  - Survival  in  blood  for  7 days  in  dark,  in  feces  for 
24  hours  but  in  urine  for  weeks  or  months.  At  refrigerator 
temperature  in  tissues  survival  of  26  days  is  given  but  at  -20  C, 
100  days  sixrvlval  is  listed. 

(Treponema  - In  blood  survival  is  only  for  a few  hours  at  body  or 
room  temperature  but  in  refrigerator  for  several  days  and  at  -20 
to  -78  C.  survival  of  months  to  3 years  is  given.  In  tissues  at 
5 C.  for  several  days  in  bodies.  Some  tissues  may  stay  with 
viable  organisms  for  7-10  days  or  longer.  At  frozen  conditions 
-10  C to  -78  C survival  of  2 months  to  3 years  is  given. 

Spirillum  - survives  1-5  years  frozen  and  in  rabbit  blood. 

(Tat*!©  B 3)  In  blood  the  organisms  may  live  for  3-6  months 
or  up  to  5-9  years  depending  on  reports.  In  feces,  data  suggest  100 
days  in  dark  or  20  days  in  manured  soil.  In  a patient  the  organisms 
were  found  in  feces  during  16th  month  of  disease.  Skin  apparently 
inhibits  the  organisms.  In  iirine  survival  of  6-30  days  is  listed. 

In  tissues  persistence  may  be  for  a month  to  7-9  months. 


^Mioroorganlsms  (Table  B 4) 

Clostridium  - tetanl  found  in  tissues  for  4-6  months  and  feces 
for  16  days,  das  gangrene  organisms  found  in  wound  areas  for 
five  years.  Botulism  organi.sms  found  in  intestines  for  4 months. 
Corynebaeterium  - Diphtheria  organisms  in  blood  for  13  years  in 
laboratory.  In  tissues  for  9 weets  to  4 months  and  in  throats 
for  G months  in  virulent  form. 

Eryslpelothrix  ” Alive  in  tissues  for  a month,  in  sunlight  for 
10“12  days  and  in  buried  carcass  for  months. 

Hemophilus  - H.  Influenzae  survival  in  blood  for  a short  period 
but  Ho  pertussis  lived  for  weeks. 

Lactobacillus  - Alive  for  over  5 years  in  blood, 

Malleomyces  - From  blood  and  urine  remained  alive  16-27  days. 
Microbacterium  - Found  alive  in  blood  for  5 years, 

Proteus  - In  blood  survivals  of  3-9  years  are  reported.  On  skin 
survival  was  better  than  on  filter  paper. 

Pseudomonas  - Five  year  survival  in  blood  is  noted  and  resistance  to 
drying  on  skin  better  than  on  filter  paper, 

Serratla  - Organisms  remained  alive  for  5 years  in  blood.  Sur- 
vivals on  skin  were  better  than  on  filter  paper.  Drying  appeared 
to  be  important  in  destruction  on  skin. 

-itplplococcus  pneumoniae  (Table  B 5)  studies  in  blood  suggest  survival 
of  a few  months  iidien  dried  on  svirfaces  and  of  5-9  years  in  tubes.  In 
sputm,  persistence  of  4 months  is  reported;  'vdien  dried  on  surfaces,  a 
few  hours  in  sunli^t  to  30-40  days  in  dark  is  reported. 

^Escherichia  coll  (and  conforms)  (Table  B 6)  Survival  in  feces  in 
dark  or  light,  fluid  or  dried  varies  with  report  from  3 days  in  sun  to 
over  a year  or  two.  On  skin  organisms  alive  for  a few  minutes  to  hours. 
In  OTine  the  organisms  may  live  over  100  days,  Aerobacter  aerogenes  in 

feces  9-16  days,  Inhibited  by  normal  skin  and  alive  in  blood  3-9  years, 
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■matazoa  and  Protozoa  (Table  17) 

Bartonella  - In  blood  for  less  than  3 days.  Heatixig  and  chilling 
destroy  it  rapidly, 

Entaaaoeba  - Transient  viability  in  feces  stored  at  high  temperatures 
(a  few  hours)  but  up  to  14-17  days  at  low  temperature.  On  sltln 
cysts  survive  only  a few  minutes, 

Kecator  - In  feces  plus  urine  for  2-3  weeks,  In  feces  in  lab  for 
13  months  and  for  3-7  months  in  soil.  In  sunlight  destruction  was 
in  1-2  hours  for  larvae. 

Ascaris  - In  sunlight  for  a few  hours  but  in  fecal  soil  for  days 
to  a few  weeks , 

Trichurls  - In  fecal  material  survival  of  14  days  to  3 months. 
Increased  temperature  destroyed  the  organism  readily. 

Trichomonas  - In  pus  for  3 hours  and  vaginal  discharge  for  over 
5 days.  In  laboratory  with  gastric  mucin  survival  of  2-4  years. 
Trypanosomes  - do  not  develop  in  blood  of  bats  at  low  temperature. 
Trlchlnella  - Survives  a few  hours  at  sub-freezing  temperat\ires , 
Plasmodium  - In  blood  at  -50  to  -70  C*  for  10-15  days, 

*Molds,  Yeasts  and  Fungi  (Table  B 8) 

II,  audouini  - m hair  survives  for  125-420  da^^. 

Trie ophy ton  - Remains  viable  in  toe  scrapings  for  300  days, 
Coeoidloides  - In  sputum  in  soil  for  30  days  as  vegetative  form 
and  240  days  as  parasitic  form. 

♦Mycobacterium  tubercxilosis  (Table  B 9)  In  blood  stirvival  of  14  days 
while  controls  in  saline  live  10  weeks,  m fecal  material  persistence 
of  a few  days  to  several  months  in  nature  and  2 years  artificially  in 
fecal  material.  In  pus  for  3-4  months  and  skin  for  7 years.  Sputum 
samples  vary  in  viability  from  1-7  days  to  over  180  days  depending  on 
temperature,  light  and  humidity.  In  urine  it  lived  for  several  months. 
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In  tissues  death  resulted  rapidly  In  light  and  when  dried  but  at  low 
temperatures  and  if  burled  survival  of  90-167  days  reported  or  even 
1-3  years  in  lung  tissue, 

^Micrococcus  species  (Table  B 10)  (Staphylococcus)  In  blood  for  9-19 
years.  In  feces  the  effect  of  sunlight  is  negligible.  On  skin  drying 
seems  to  be  the  antibacterial  factor;  low  pH  affects  some  while  the 
presence  of  dirt  or  fat  seems  to  protect  organisms.  In  p\xs  organisms 
survive  at  room  temperatures  for  2,5-3, 5 years  with  no  loss  in  patho- 
genicity, The  organisms  resist  pH  changes  considerably.  Gaffkya  may 
live  in  blood  for  5 years , Sarclna  are  killed  rapidly  in  throat, 
*Melsserla  (Table  B 11)  The  gonococcus  stays  alive  in  serum  for  7-6 
weeks  to  16  months.  In  uretheal  discharges  the  organism  lives  for  a 
few  hours  at  room  temperatures.  Reduced  temperature  gives  longer  sur- 
vival, In  body  it  may  live  almost  3 years.  The  meningococcus  may 
live  in  nasopharynx  for  an  average  of  6 months.  In  dried  secretions 
viability  of  several  days  is  reported.  In  blood  the  Neisseria  live 
6 weeks  to  3 months. 

^Pastexirella  (Table  B 12)  The  plague  organism  remained  viable  for  100 
days  in  blood,  3 months  in  urine,  in  tissues  reports  of  several  weeks  in 
carcasses  to  1-2  years  in  refrigerator  to  7 years  glycerinated  at 
-15  C.  Frozen  tissues  give  6-42  month  survival  of  P,  tularensis  and 
up  to  10-13  years  in  glycerinated  tissues  at  -14  0.  Pasteurella  may 
live  in  feces  for  a few  days  in  nature  to  several  weeks  experimentally, 
^Rickettsia  (Table  B 13)  Certain  of  the  rlckettsia  exist  for  only  12 
days  in  blood  refrigerated,  others  for  95  days  at  -70  C.  and  others 
for  610  days.  In  feces  survival  of  6 years  is  reported.  In  tissues 
at  freezing  temperatures  viability  of  nearly  a year  is  suggested,  for 
almost  2 years  with  another  while  at  5 0.  2-3  months  survival  is  re- 
corded. 
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^Salmonella  Species  (Table  B 14)  In  blood  ‘under  lab  conditions  survi- 
val of  7 years  is  reported.  In  feces,  8 days  to  over  8 months  is 
listed.  On  skin  survival  of  10-20  minutes  on  clean  skin  to  several 
hours  on  dirty  or  fatty  skin  is  suggested.  Frozen  turkey  skin  harbors 
the  organism  for  over  a year.  In  tissues  the  organisms  withstand  heat 
for  short  periods. 

♦Salmonella  typhosa  (Table  B 14)  In  blood  for  at  least  7 years,  one 
strain  for  18  years,  others  up  to  10  years  in  virulent  s-bate.  In 
feces  for  a few  days  to  5 months  with  varying  conditions.  The  normal 
skin  does  not  allow  survival  but  for  a short  time.  In  urine  for  2-3 
days  at  high  room  temperatures  to  14  weeks.  In  tissues  existence  for 
140-160  days  is  suggested. 

♦Shigella  (Table  B 15)  In  feces  under  varying  conditions  survival  of 
a few  hours  on  fruit  to  over  200  hours  in  desert  to  several  days  and 
even  up  to  113  days  in  dried  feces,  in  urine  at  room  temperatures  up 
to  40-50  days.  Gastric  Jtilee  was  germicidal. 

♦Streptococcus  (Table  B 16)  In  blood  survival  of  a few  weeks  (4-8)  to 
7-19  years  is  recorded.  On  skin  streptococci  survive  for  1-2  hoiars. 

In  sputxam  viability  may  be  as  long  as  150  days.  In  tissues  3 month 
to  6 month  survival  is  recorded. 

♦Vibrio  (Table  B 17)  In  blood  the  organism  exists  for  47  hours  to  8 
days  and  longer  (5  weeks)  in  blood  broth,  m feces  under  adverse 
conditions  of  pH  and  sun  and  temperature  viability  varies  from  24  hours 
to  30  days.  In  urine  extremes  of  6-40  days  are  recorded. 

♦Viruses  (Table  B 18) 

Hoof  and  Mouth  - In  blood  and  serum  at  low  temperatures  for 

several  weeks  to  months  for  survival  and  in  lymph  existence  for 

over  2 years  is  listed.  In  feces  survival  of  2 months  to  almost 

a year  is  suggested  at  low  temperature.  In  tissues  viability  of 

•the  virus  remained  for  2-5  months  at  refrigerator  temperatures. 
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Herpes  - Alive  only  40  minutes  in  normal  rabbit  serum,  10  minutes 
in  serum  plus  tnr.  In  brain  suspension  it  lived  for  100  hours. 
Yellow  fever  - In  blood  it  was  viable  for  154  days  when  frozen 
but  in  blood  and  liver  at  -10  C.,  2 weeks. 

Rift  Valley  - Long  viability  in  refrigerator  at  82  days  or  2 years 
In  serum  survival  at  refrigerator  tempera txire  was  longer -1048  days 
Infectious  Jaundice  - In  dried  fecal  dust,  the  virus  lived  for 
31  days, 

Newcastle  - The  virus  was  present  in  chicken  feces.  On  skin  and 
carcass  96  days  and  in  bare  and  unplucked  carcass,  134-196  days 
viable. 

Psittacosis  - In  fecal  material  the  virus  remained  for  10  days. 
Poliomyelitis  - Fecal  material  harbored  the  virus  for  hours  after 
passage.  Storage  at  low  temperature  protected  the  virus  to  allow 
survival  of  7-8  weeks  up  to  6 months.  Virus  found  in  stools  from 
7th  day  of  disease  to  123  days  following  attack.  In  tissue  sur- 
vivals of  80-30  days  reported,  in  nasopharynx  for  a numl>er  of  days 
(5-9^  after  onset  of  disease.  The  virus  remained  viable  in  an 
amoeba  c\ilture  for  less  than  3 days. 

Rabies  - In  brain  material  viability  of  47  to  over  68  days  is 
reported.  Exposed  to  liquid  air  destroyed  in  24  hours  and  at 
hl£^  and  low  pH  levels  in  a few  hours. 

I2ifluenza  - On  human  skin  the  virus  was  destroyed  in  less  than 
1 hour.  In  tissues  at  -30  C. survival  was  less  than  6 months, 
lower  temperature  of  -78  C.  protected  for  6 months  in  broth  and 
in  rabbit  testes  for  3 years. 


Fovlpox  - Two  year  survival  in  dried  lesions  reported 


Vaccinia  “ !The  virus  from  pustules  survived  up  to  8 hours.  In 
mouse  brain  siarvival  of  6 months  to  2 years  is  noted.  In  calf 
lymph  equal  siirvival  is  given. 

Smallpox  *•  m dried  crusts,  the  virus  remained  for  periods  over  a 
year  in  the  light  and  dark. 

Rinderpest  - In  rabbits  and  storage  viability  of  7 days. 
Skicephalitis  viruses  - Storage  of  1 year  in  50^  glycerin,  loss  of 
virulence  on  drying.  If  frozen,  survives  over  3 months.  Jap  B 
in  motise  brain  survives  at  -78  C.  for  6 months. 

Lymphogranulotaa  inguinale  - In  rabbit  testes  survival  of  10  months 
at  -78  C.  is  reported. 

Rieumoente riti s - Loss  of  virulence  on  storage  is  listed  at  6 days 
if  frozen  and  in  20  days  if  dried  and  refrigerated. 
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SURVIVAL  01?  ORGANISMS  IN  CULTURE  MEDIA 

One  of  ftoiaiost  j^roISlaafi  in  the  field  of  niicroMology  has 
been  the  etOLtnrlzig  ai^  storage  of  orgasdsas  In  the  laboratoiy  In 
such  Baxmer  as  to  nalntain  ylabllitf  as  irell  as  their  characteris- 
tics of  aorphelogy^  netabolisB,  and  Tirttlencso  A smltittxde  of  re- 
ports on  this  subject  ha*fe  been  sade  fr<»  nyrlads  of  ezp^lments 
slth  appe  or  less  uaeoilaity  of  rosnltSo  Ihe  factors  Involved  in 
the  storage  of  culttires  a^  ntmerooso  Several  aain  laethods  have 
been  used  for  aalntenaace  of  sto^fe:  eul tores?  {!)  low  tenporattare 
storage;  (£)  drying  by  lyophilisation  or  other  procedure;  (S)  ex- 
Qlusion  of  air  and  naintenane#  of  aoisture;  (4)  use  of  a combination 
of  the  various  sethodSo 

Hie  factors  involved  in  survival  may  be  discussed  in  general  as 
to  envlroniaental  factors  or  organism  characteristics, 

Snviroiuaental  Factors  Affecting? 

She  tezW  "culture  uedia*  is  used  loosely  here  to  cover  the 
survival  of  organisms  ^ vitro  in  media  of  all  types  idxether  liqiaid, 
solid  or  dripds  in  various  containers  under  experimental  conditions 
primarily  in  the  laboratory o 

Ihe  medium  in  which  the  organism  is  grown  or  stored  plays  an 
iaO>ortant  role  in  determining  the  length  cf  survival  and  maintenance 
of  eharasteristios  of  organisms,  She  preAeuce  of  inorganic  buffers 
protect  against  extreme  pH  changes  but  may  on  occasion  be  toxic  for 
some  crganissSc  If  fermentable  carbdhydrates  are  prasent,  texie 
acids  aldehydes  alcoholic  or  other  end  products  mi^t  slowly  pile- 
up  tot  kill  the  organismo  Some  salts  are  necessary  for  osmotic  effect 
but  can  be  tesi®  if  in  large  concentrations  in  the  medl^,  3§ie  or- . 
gani©  substances  in  ^e  medium  may  supply  buffering  capacity  against 


pH  and  other  changes  hut  may  provide  in  metabolism  a source  of 
toxic  end-products, 

Ihe  physical  state  of  the  medium  nay  affect  s\irvival  time  of 
organisms.  Survival  In  liquid,  on  solid  surface  or  In  dried  state 
may  vary  with  certain  organisms.  The  amount  of  medium  may  offer 
protection  against  physical  forces  of  temperature  and  radiation 
or  oxidation-reduction  potential  changes  which  might  be  detrimental 
tc  some  of  the  anaerobes  particularly. 

The  temperature  of  storage  is  one  of  the  most  important  factors 
in  determining  length  of  survival.  Organisms  maintained  at  tempera- 
tures which  allow  metabolism  of  the  organism  to  take  place  will  not 
only  produce  toxic,  limiting  end-products  but  will  age  to  become  more 
susceptible  to  detrimental  action  of  physical  and  chemical  forces, 
Usually  the  higher  the  temperature  the  more  rapid  the  death  rate. 

Low  temperature  of  storage  obtained  in  refrigerators  (approximately 
5 G«)  prevents  active  metabolism  of  most  microorganisms  and  serves 
well  in  maintaining  numbers  and  general  characteristics  of  organisms. 
Even  lower  temperatures  have  been  used,  ranging  from  -5  C*  (deep** 
freeze)  to  -76  G*  (dry  ice)  to  temperatures  of  liquid  oxygen.  In 
studies  below  the  freezing  point,  the  rate  of  freezing  is  a factor 
in  the  survival  of  organisms.  Usually  rapid  freezing  allows  greater 
survival,  Repeated  freezing  and  thawing  destroys  many  organisms 
probably  through  rupture  of  cell  walls  by  formation  and  dissolution 
of  the  ice  crystals.  Presence  of  protein  in  concentration  protects 
against  such  destruction. 

Desiccation  is  usually  considered  as  destructive  to  most  organ- 
isms, llaintenance  of  cultures  at  low  temperatures  prevents  loss  of 
water  content  through  evaporation.  Materials  such  as  cultosres  at 
room  temperatures  (25  C*)  or  incubator  temperature  (37  C.)  may  bo 
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sealed  or  covered  by  varioi;^  means  including  wax  or  rubber,  stoppers 
or  screw-caps,  Lyophilization,  drying  from  the  frozen  state, has 
been  exploited  as  a means  of  maintaining  organisms.  The  suspending 
medium,  rate  of  freezing,  rate  of  drying  and  subsequent  storage 
method  are  important  factors  in  the  success  of  the  procedure.  Usually 
a protein  svispending  medium  with  rapid  freezing  and  rapid  drying 
with  the  material  then  being  sealed  off  under  vacuum  and  stored 
at  refrigerator  or  colder  temperatiire  gives  the  best  results.  The 
total  dryness  affects  sxirvival  since  a small  amount  of  water  in  the 
end-products  allows  deterioration.  In  some  instances  inert  gas 
such  as  nitrogen  has  been  used  instead  of  keeping  organisms  under 
vacuum.  Storage  may  or  may  not  be  at  low  temperature.  The  lyophili- 
zation procedure  may  result  in  the  destruction  of  many  organisms  in 
the  preparation  but  those  remaining  viable  retain  their  characteris- 
tics for  long  periods  without  throwing  off  variants. 

Radiation  of  various  types  affects  survival  of  organisms  in 
ciiltures.  Storage  of  cultures  in  the  dark  away  from  direct  or 
diffuse  daylight  allows  longer  survival.  Exposure  of  cultures  to 
artificial  sources  of  UV  or  of  other  radiation  not  only  increases 
the  death  rate  but  increases  the  development  of  aberrant  forms  as 
mutants. 

Removal  of  oxygen  and  substitution  of  an  inert  gas  will  prevent 
metabolism  and  allow  long  storage.  The  use  of  sterile  mineral  oil 
over  cultures  prevents  desiccation  and  excludes  oxygen  as  well,  thus 
slowing  down  metabolism  and  allowing  survival  for  long  periods. 

Many  studies  have  been  made  on  these  various  factors  affecting 
survival  for  better  maintenance  of  microbial  cultures.  The  cultures 
have  also  been  exposed  to  extremes  of  temperature,  desiccation,  pH, 
eH,  radiation,  chemicals  and  pressure  to  determine  the  ability  of 


different  organisms  to  withstand  these  forces.  Some  of  these 
studies  are  reported  here. 

Organism  Factors  Affecting; 

The  survival  of  an  organism  in  culture  media  is  not  only- 
dependent  upon  the  media  and  other  environmental  factors  hut  also 
upon  the  intrinsic  characteristics  of  -the  particular  organism  Itself, 
The  genus,  species  and  strain  are  important  In  that  they  may  have 
characteristics  providing  resistance  to  physical  and  chemical  forces. 
The  presence  of  spores,  capsules,  especially  rigid  cell  walls  or 
other  cellular  components  may  aid  in  survival.  The  presence  or 
development  of  more  resistant  variants  or  mutants  may  play  a role 
in  persistence.  The  rate  and  type  of  metabolism  plays  a part  also 
in  the  pile-up  of  toxic  end-products  ^diich  might  destroy  -the  organism 
more  rapidly.  In  all  survival  studies  the  number  of  organisms  ex- 
posed and  the  age  in  the  growth  curve  at  time  of  storage  or  exposure 
are  important  factors  in  the  survival  or  persistence  of  organisms. 
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SUMMARY 


HH  *Eaolllti3  anthraels  (Table  Cl)  Dried  cultures  stirvlved  4:|-35  years 
■with  good  lumiunlzing  property,  low  temperature  kept  virulent  forms 
alive  for  8 years.  In  liquid  form  survival  up  to  1877  days  in  glycerin- 
serum  at  room  temperatures.  In  sunlight  killed  in  hours.  May  live 
for  11-14  years  at  5-10  C,  Liquid  air  killed  in  6 hours,  liquid 
hydrogen  10  hours.  On  solid  media  viability  apparently  low.  May  sur- 
vive sv>n  for  li-4^  hours  depending  on  season, 

^Bacillus  species  (Table  C 2)  Dried  cultures  survive  for  4-5  years. 
Liquid  cultures  for  long  periods.  Spores  resist  sun  for  5-6  hours. 

globigli  was  found  to  be  resistant  to  heat,  gentian  violet  and 
streptomycin.  Cn  solid  media  8 month  survival.  At  freezing  temperature 
over  80  week  sturvival  noted. 

^Bacteriophage  (Table  C 3)  Dried  typhoid  phage  lived  for  26  years, 
others  for  3 years.  Resistance  to  heat  aided  bj'  dryness.  Freezing  and 
thawing  destroys  phage#  Lyophillzatlon  of  dysentery  phage  Inactivates 
much  of  the  activity.  Sunlight  is  toxic.  Collphage  may  be  active  for 
7-17  years.  TOien  dysentery  phage  dried,  no  loss  in  6 months.  Phage 
resistant  to  pH  changes, 

■^Spirochetes  (Table  C 4) 

Borrella  - At  -78  C,  the  organisms  survive  for  a year.  Lyophlll- 
zlng  destroys  many  cells  and  may  live  only  192  hours. 

Leptospira  - Ten  month  viability  in  tissue  broth  at  -78  C.  In 
temperatures  of  29-42  C,  survival  varies  upwards  from  5 days  to 
16  months. 

Spirillum  - In  mouse  blood  at  -78  C,  for  1 year. 

■^Brucella  (Table  C 5)  Wien  dried, cultures  live  4-5  years.  In  liquid 
viability  ranges  from  15  days  to  400  days.  On  solid  media  no  loss  in 
8 days,  on  storage  colony  forms  change.  Storage  at  37  C.  shows  4 year 
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survival.  Sunll^t  and  drying  lowers  disease  incidence.  In  lyophili- 
zing  hi£^  temperature  lowers  recovery  Tdiile  slow  rate  of  drying  gives 
better  survival.  Storage  at  2-5  C.  yields  80j^  viable  In  100  days. 
^Clostridium  (Table  C 6)  Dried  cultures  live  for  3-5  years.  Organisms 
survive  lyophlllzlng.  In  liquid  form  exposed  to  various  changes  of 
temperature,  pressure  and  pH  fair  survival  is  listed.  On  solid  media 
Cl.  tetanl  lived  for  38  years.  Cl.  botulJ.num  showed  140  day  survival 
at  5 C.  The  spore  stage  of  these  organisms  protected  against  hl^ 
temperature  and  sunlight  for  short  periods. 

*Corynebaeteriuia  (Table  C '7)  In  the  dried  state  4-5  year  viability 
found.  The  organisms  resist  sunlii^t  when  dried.  In  liquid  media  6 
month  survival  is  us\ial.  Organisms  resist  drying  and  sunlight  well. 

On  solid  media  7-18  month  viability  reported. 

ttEryslpelothrix  (Table  C 7)  When  dry  the  cultures  live  for  4-5  years. 
»Dlplococcus  (Table  C 8)  in  dry  form  the  organism  may  exist  for  4-8 
years  depending  on  temperature  of  storage,  Lyophillzed  strains  show 
good  survival  numbers  for  at  least  3 years.  Liquid  cultures  live  over 
6 months.  On  solid  media  viability  of  50  days-3  months  is  listed.  Low 
pH  is  detrimental  as  are  temperatures  above  56'  C. 

♦Escherichia  coll  (Table  C 9)  Survival  in  dry  state  of  4-5  to  over  10 
years  is  listed.  Early  studies  showed  shorter  periods.  Freezing  and 
thawing  for  lyophlllzlng  destroyed  many.  In  liquid  exposed  to  Increased 
temperature,  freezing  temperatures  and  chemicals,  short  periods  of  sur- 
vival (in  hoxirs)  are  shown.  In  ordinary  cultures  at  room  temperature, 
viability  over  1 year  is  fo\md.  Increasing  salt  concentrations  des- 
troy the  cells.  Very  low  temperatures  destroy  some  cells  rapidly 
(-195  C.).  A temperature  of  69  C.  with  hi gji  humidity  is  resisted  for 
7-10  hours.  On  solid  media  91  day  to  over  11  month  survivals  are 
listed,  Sxmlight  during  various  seasons  is  resisted  for  1^  to  hours. 


(C  6) 


Yiabllity  for  14  years  noted  in  one  Instance  at  R*T.  In  dark.  Wide 
variations  in  temperature  affect  survival -adversely. 

-JMicroorganisms  (Table  C 10) 

Alcallj^enes  - m dried  form,  survival  of  4-6  years  is  reported. 
Aerobacter  - For  4-5  years  in  dried  state,  31  days  dried  on 
paper  at  37  C*  Reports  suggest  the  organism  resists  alkaline  pH. 
Hemophilus  - Various  species  including  H.  pertussis  lived  for  5 
years  in  dry  state.  In  blood  broth  at  -15  to  20  C.  a few  hours. 

On  agar  for  4-8  months. 

Klebsiella  - When  dried,  survival  of  4-5  years  liste^V  ^ serum  at 
37  C,  43  dayi^  while  in  sealed  tubes  on  agar  12-13  year  viability 
has  been  demonstrated. 

Lactobacillus  - At  37  c.  in  dry  state  poor  survival  but  at  lower 
temperatures  3-4  year  survival  is  shown.  It  resists  liquid  hy- 
drogen for  7 hoxirs  and  -10  to  -80  C.  for  long  periods.  Rapid 
freezing  aids  survival.  On  solid  media,  2 year  viability  was  found. 
Proteus  - When  dried,  4-5  year  survival.  In  liquids  good  survival, 
was  reported.  On  solid  media,  8 month  viability  found  for  some, 

4-5  years  for  others  and  19  years  when  on  agar  in  sealed  tubes  at 
R.T. 

Pseudomonas  - Survival  similar  to  Proteus,  4-6  years  when  dried, 
in  liquid  and  on  agar  good  survival  found.  It  is  slowly  destroyed 
by  pH  up  to  11.5, 

Flavobacterium  - In  liquid  media  at  -6  to  15  C.,  sxtpvlval  of  less 
than  77  days  revealed. 

Achromobacter  - Grows  at  low  tenqjeratures  (0  C). 

Azotobacter  - Viability  of  10  years  on  dried  dextrin  agar  is 
reported. 

Malleomyces  - At  low  temperatures  of  1-4  C.  under  vacu-  i,  25  mo:;th 
survival  is  listed. 
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Erwlnla  - Low  RH  aids  survival  In  exudates, 

»Mlc ro or ganlsns  ( general ) (Table  C 11)  Qenerallzatlons  on  effects  of 
temperature,  freezing,  drying  are  given.  Better  survival  with  cover- 
ing of  paraffin  oil  Is  Indicated.. 

<Mycobacte rlum  (Table  C 18)  In  dried  state  reports  vary  from  6-12 
months  to  4-5  years  and  one  report  of  17  years  following  vacuum  desic- 
cation. In  liquid; preparations,  reports  of  several  months  to  several 
years  are  reported.  On  the  various  Isolation  media,  4-8  month  survi- 
val up  to  6 years  Is  listed.  Low  temperatures  gave  poor  viability. 
Drying  gives  good  survival.  Low  pH  destroys  but  not  too  rapidly. 
»Nelsserla  - (Table  C 13)  These  organisms  are  very  sensitive  to  drying 
and  sunlight,  tinder  freeze-drying  conditions,  4-5  years  of  survival 
listed  and  up  to  18  years  In  others.  But  In  nature  In  sunlight  only  a 
few  ho'urs  may  hill.  Liquid  cultures  of  the  meningoeoeeus  at  low  tem- 
perature (frozen)  survive  for  months  and  up  to  2 years.  In  serum,  16 
month  survival  Is  listed.  On  solid  media  It  lives  for  8-87  weeks  at 
low  temperatures.  The  gonococcus  survival  Is  poorer  except  vhen  dried, 
4-5  years  up  to  18  years.  In  Uq\iid  media  7-8  week  survival  is  listed, 
pH  of  7, 4-7, 6 allow  best  survival.  On  solid  media,  8 month  viability 
Is  given, 

■frpasteurella  (Table  C 14)  Dried  materials  live  3 to  4 days  when  not 
In  sTin,  3-4  hours  In  sun.  Vfhen  dried  in  lab  for  stock,  4-5  year  sur- 
vival obtained,  Liqxiid  materials  of  £,  pestls  may  survive  a few 
months  at  freezing  temperat\ires.  Solid  media  survival  of  20-25  years 
Is  reported,  £.  tularensls  may  live  for  months  In  frozen  conditions. 
Other  Pasteurella  strlns  have  somewhat  similar  persistence  character- 
istics, 

»Protozoa  and  Metazoa 

Entamoeba  - Three  day  to  3 week  viability  in  Ringer  *s  and  other 

solutions  and  10  days  In  powdered  starch  medium, 
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Plasmodium  « Hi  chicken  red  cell  suspension,  72  hours  without  loss. 
Trichomonas  •*  Survival  of  4-13  days  at  25-37  C.  In  media;  at  low 
temperature,  2-3  week  survival.  Only  6 hours  when  dried. 

Trypanosomes  - in  blood  agar  tubes,  various  species  lived  for  3-4 
months  at  25  C, ; survival  varied  at  freezing  temperature  of  a few 
hours  to  a few  months. 

Schlstasoma  - Ten  to  18  day  persistence  In  vitro  in  serum. 

Leishmanla  - Pour  month  persistence  in  blood  agar  at  room  temperature. 
Ascarls  - Freezing  temperatures  Inactivated  in  6-20  days;  hl^ 
temperatures  (60-70  C. ) destroyed  in  a few  minutes. 

^Rickettsia  (Table  C 16)  For  lyophllizing,  surcrose  was  found  effective. 

At  room  temperatures  survival  of  a few  hours  to  1 week  are  recorded; 
at  refrigerator  temperatures,  2 week  viability  is  listed  \flille  at 
freezing  temperatures  near  -20  C,  several  month  viability  is  found. 

With  glycerol  added,  10  month  at  -10  C.  is  reported. 

^Salmonella  species  (Table  C 17)  When  dried  at  natural  temperatures 
several  hours  of  viability  is  found  but  lyophllizing  allows  viability 
of  4-5  years  or  as  long  as  10  years.  In  liquid  cultures,  3-4  weeks  is 
the  usual  report  with  occasional  suggestion  of  12  month  viability.  On 
solid  media  svirvlval  of  nearly  8 years  on  blood  gelatin  and  98  day 
viability  on  gelatin  are  reported. 

^Salmonella  typhosa  (Table  C 18)  When  desiccated,  thin  layers  survived 
5-15  days  and  thick  layers  lived  for  months.  In  liquid  media  such  as 
saline  survival  over  6 days  was  found,  at  -20  C.,  4^  months  are  listed 
and  10  years  in  tryptic  digest.  Resistance  to  liq-uid  air,  tiltra  vio- 
let, heat  and  freezing  are  given.  On  solid  media,  91  day  to  over  8 
month  resistance  was  found.  Other  sur\’lval  of  3 years  to  8 years  is 
listed  on  artificial  media  at  room  temperatures  while  lyophilized 
strains  survived  for  about  4 years. 


«Serratla  (Table  C 19)  Ljrophillzed  strains  lived  for  4-5  years.  In 
liquid,  marscescens  may  survive  for  20  years.  Cetrifuglng  destroys' 
cells  as  well  as  radiation  from  the  sun. 

♦^Shigella  (Table  C 20)  Desiccated  organisms  may  live  only  20-25  days, 
but  lyophillzed  cultures  live  for  4-5  years.  Liquid  or  agar  cultures 
may  persist  for  3-5  years.  The  organisms  may  live  at  37  C,  for  2 
weeks.  Sunli^t  destroys  cells  in  a few  hours  but  cultiires  remain 
viable  for  900-1500  days  in  the  dark. 

wStaphylocoecus  (Micrococcus ) (Table  C 21)  Dried  cultures  have  remained 
viable  for  30  years.  Stock  lab  cultures  on  media  sealed  remained  alive 
for  11-12  years.  At  room  temperatures,  cultures  remain  alive  for  1^-2 
years.  Lyophillzed  strains  •were  alive  for  4-5  years.  Exposure  to 
saline,  freezing,  vacuum  drying,  extreme  freezing  temperatures  result 
in  lessened  survival, 

^Streptococcus  (Table  C 22)  Dried  cultures  may  live  over  97  days  but 
if  lyophillzed,  viability  of  4-7  years  has  been  reported.  Liquid  cul- 
txires  may  live  30-60  days,  if  tissue  added  then  lives  11-12  months. 

On  solid  media  sealed  tube  cultures  lived  11-12  years.  Increased 
humidity  over  cultures  lowers  survival  from  3 years  to  8 weeks. 
♦Treponema  (Table  C 23)  When  dried  under  varying  conditions  of  humidity 
and  temperature,  the  cells  were  killed  in  several  hours  to  several  days, 
survival  at  freezing  temperature  in  media  for  several  weeks  to  2 months. 
At  sub-freezing  temperatures  survival  of  1-3  years  was  obtained  tdien 
tissue  added.  Exposure  effects  of  heat,  pH  changes  and  freezing  tem- 
peratures are  given, 

♦Vibrio  comma  (Table  C 24)  Dried  preparations  survived  4 years,  Ly- 
ojihillzed  preparations  were  viable  for  about  4-5  years.  Liquid  cul- 
tures lived  for  4-5  weeks.  On  solid  media  lived  under  lab  conditions 
for  6 weeks  to  20  weeks.  Some  agar  cultures  dried,  lived  only  2-11  days. 
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At  extremely  low  su’b-freezlng  temperatures,  viability  for  over  a year 
was  found, 

^Viruses  (Table  c 25) 

Herpes  - Dried  virus  at  -5  C*  survived  over  a year;  at  37  C.  for 
2 months.  Lyophilized,  survival  given  at  4 weeks  only.  Liquid 
preparations  at  37  C.  for  100  hours  and  at  42.5  C.  for  30  to  80 
hours.  W radiation  destroyed  in  10  minutes.  At  -70  C.  viabili- 
ty of  over  1 year  was  found. 

Hoof  and  Mouth  - In  dried  form  survived  high  temperatures  for 
short  periods.  Ten  day  viability  at  room  temperature  is  listed. 

In  liquid  preparations  such  as  blood  2-5  days  viability  found;  in 
buffered  l3rmph  over  2 year  viability,  hi^  pH  and  repeated  freez- 
ing did  not  destroy  in  124  days,  in  solid  media,  162  day  survi- 
val is  reported. 

Influenza  - Dried  in  tale  for  30  minutes  destroyed  virus.  Lyophi- 
lized, viable  and  infectious  for  14  months.  At  -78  C.  viability 
of  6 months  to  3 years  is  noted  in  broth  plus  tissue.  At  -20  C. 
less  than  6 month  survival  is  recorded.  Low  pH  was  found  to  be 
detrimental.  Temperatures  over  40  C.  destroyed  the  virus  quickly. 
Poliomyelitis  - '?Then  dry,  52  C.  for  30  minutes  necessary  for  des- 
truction, In  glycerin,  stirvlval  of  6 years  is  reported  by  one, 
others  report  over  2 year  survival  in  glycerin.  Concentration  of 
glycerin  and  storage  temperatxire  are  important.  At  38  C. , virus 
destroyed  in  7 days, 

smallpox  - Dried  and  stored  at  37  C.,  80  day  survival  but  at  4-6  C. 
only  24  hour  survival.  In  media,  viable  only  30  minutes  at  35  C. 
Vaccinia  - Dried  virus  at  4 C.  lived  12-18  months;  229  days  when 
dried,  temperature  not  given;  lyophilized,  lived  for  10  months, 
m glycerin,  at  -70  C.  21  month  survival,  at  refrigerator  tempera- 
ture it  was  avlrulent  in  12  months . In  lymph  for  2 years ; in 
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allantois  at  low  temperature,  for  15  years.  Dry  lymph  In  tropics 
survived  for  18  years. 

Tobacco  Mosaic  ~ When  dried  It  remained  active  for  many  years. 
Laryngo trachel tl s ~ The  virus  remained  active  for  3 years  follow- 
ing lyophllization  and  storage  at  4 C. 

Lymphogranuloma  inguinale  - Ten  month  viability  has  been  reported 
for  the  virus  in  rabbit  testes  in  infusibn  broth  at  -78  C.  At 
37  C.  viability  of  2-4  days  reported  with  56  C.  destroying  in  10 
minutes  and  -70  C.  allowing  viability  for  over  a year. 

Lymphocytic  choriomeningitis  - Frozen  dried  material  at  5 C. 
remained  active  for  over  a year. 

Menlngopneumonitls  - Viability  for  3 years  in  broth  plus  tissue 
at  -78  C. 

Encephalitis,  St.  Louis  - Frozen  dried  preparations  at  5 C,  were 
active  for  over  833  days.  At  40  C.  and  pH  8,4,  3 week  viability 
was  found.  Heat  at  56  C,  for  30  minutes  necessary  for  destruction. 
Encephalitis,  Jab  B ~ In  tissue  plus  serum  at  -20  C.,  6-12  month 
survival  reported.  pH  levels  above  7 inactivated  the  virus  rapidly, 
60-70  C,  destroyed  it  in  10  minutes. 

Encephalitis,  eqtiine  - Acid  pH  inactivated  it  readily  as  did  alka- 
line pH  levels. 

Enteritis  - At  pH  7,  the  virus  survived  only  20  days. 

Measles  - In  50^  glycerin,  the  virus  existed  for  at  least  3 months. 
Mumps  - At  -20  to  30  C.,  the  virus  was  viable  for  only  6 months  or 
less.  Acid  and  alkaline  pH  levels  Inactivate  readily, 

Newcastle  - In  50^  glycerin  at  pH  7.6,  the  virus  was  viable  for  95 
days  at  25  C.  and  at  5 C.  was  viable  for  a year.  At  37  C.,  one 
report  lists  126  days  of  activity. 

Psittacosis  - Viability  in  broth  for  29  days  at  lab  temperatures. 


while  at  -70  C.  for  over  2 years  active  virus  was  present 
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Rabies  - ^he  virus  is  apparently  quite  stable,  surviving  56  C. 
for  an  hour,  -185  C.  for  3 months  and  living  at  25  C.  for  several 
weeks.  Extraction  with  ether  at  -65  C«  still  gives  active  virus 
after  1 year. 

Coxsackle  ~ Temperatures  of  53-55  C.  for  30  minutes  inactivate. 

Acid  and  alkaline  pH  levels  inactivate  in  1 day. 

Yellow  Fever  - Aqueous  suspensloiB are  viable  for  10  days,  with 
glycerol,  8 months  viability  is  found.  Dried  and  frozen  the 
virus  is  active  for  years. 

Cowpox  - At  sub-freezing  temperatures  survival  of  1-4  days  is 
revealed. 

Rinderpest  - Desiccated  virus  viable  for  15  days.  In  tissue  at 
40.  over  4 month  survival. 

"Cold*  virus  - At  4 0.,  the  filtrates  are  active  for  3 days,  at 
10  C.  for  27  days  and  at  -76  0.  for  2 years. 

»Yeasts.  Molds  and  Fungi  (Table  0 26) 

Actinomyces  - Dried  cultures  survive  from  1-5  years. 

Saccharomyces  - fftien  dried  the  cells  are  quite  resistant.  Ten 
month  survival  in  plaster  of  paris.  Lyophllized  cijltures  were 
viable  for  1-2  years.  In  liquid  cultures  survival  of  5 weeks  to 
over  160  weeks  at  -15  0.  are  reported.  In  10j5  sucrose,  8-10  year 
viability  found.  On  solid  media  at  -70  C.,  survival  of  a week  is 
listed.  At  -10  0.  over  a year  survival  is  reported  ttolle  at  37  C. 

5 month  viability  was  found.  Some  grow  at  refrigerator  temperatures. 
Aspergillus  - At  sub-freezing  temperatures  survival  of  4 days  was 
observed,  while  at  7 C.  on  agar  over  Zjt  year  viability  was  foomd. 

At  25  0.  in  the  dark,  6 year  storage  was  reported  for  one  •Jdiile 
others  lived  10-16  years. 

Epidermophytes  - Survied  for  several  weeks  at  sub-freezing  tem- 
peratures , 
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Blastomyces  - Over  80  months  at  25  C*  on  agar  covered  with  oil, 
Candida  - Suirvival  of  20  months  at  25  C.  on  agar  covered  with  oil. 
Coccidioldes  - Cn  agar  at  25  c. » STorvlval  of  20  montlis  Tidien 
covered  with  oil. 

Cryptococcus  - Recovery  of  80  months  on  agar  slants  covered  with 
oil  stored  at  25  C. 

Nocardla  - 20  month  survival  observed, 

Streptothrlx  - 420  day  survival  reported. 

Others  - Many  fTUigl  such  as  Penicllllum,  Rhizopus  and  others  sur- 
vived over  2i  years  on  agar  at  7 C, 
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SURVIVAL  OF  ORGANISMS  IN  POOD 


One  of  the  main  avenues  of  Invasion  of  disease  producing 
organisms  and  toxins  is  by  the  oral  route.  Many,  but  not  all, 
pathogens  can  infect  this  way  and  not  all  of  those  that  enter  by 
that  route  are  true  Intestinal  pathogens  in  the  strict  sense  of  the 
word.  Poliomyelitis  virus  would  be  an  example. 

Pood  such  as  green  vegetables  and  fruit  may  get  contaminated  in 
the  gardens  from  fecal  material  or  handling.  If  eaten  raw  without 
proper  washing  the  organisms  of  typhoid,  dysentery  and  certain  para- 
sites of  protozoa  and  worm  types  may  cause  infection. 

One  of  the  major  methods  by  idiieh  pathogens  get  into  food  is 
by  Improper,  unsanitary  methods  of  handling.  In  one  way  or  another, 
the  organism  in  fecal  material  or  other  excreta  get  from  humans  or 
animals  into  the  food*  Very  few  withstand  mild  heat,  proper  cooking 
would  destroy  all  of  the  potential  pathogeris. 

In  some  Instances,  the  pathogens  are  present  in  animal  materials 
used  as  food.  That  Is  the  milk,  milk  products  or  meat  may  contain 
animal  pathogens  with  which  the  animal  Is  infected.  Some  of  these 
pathogens  may  also  Infect  humans.  If  the  organisms  persist  In  the 
milk  products  which  are  not  treated  by  pasteurization  (milk)  or 
proper  cooking  as  In  the  case  of  meat,  the  infection  may  occtir. 
Sometimes  the  pathogens  transmitted  by  the  milk  or  meat  are  from  the 
food  handlers  and  not  from  the  animals  at  all, 

A few  of  the  potential  pathogens  may  actually  grow  in  the  food. 
This  Increase  in  numbers  of  organisms  may  result  in  such  numbers. as 
to  cause  "food  poisoning"  idxen  eaten.  Examples  would  be  Salmonella 
organisms,  A few  such  as  the  Staphylococcus  and  Cl.  botullnum  or- 
ganisms produce  toxins  in  the  food  which  also  cause  "food  poisoning". 


JJie  factors  affecting  siirvlval  of  organisms  in  food  may  be 
grouped  as  to  (1)  food  factors  affecting  and  (8)  organism  factors 
affecting* 

Food  Factors  Affecting; 

Ihe  general  type  of  food  product  will  affect  the  survival  of 
any  organism  in  it.  particular  cliaracterlstics  would  be:  (1)  amount 

of  moisture  present  to  allow  or  prevent  multiplication  of  the  or- 
ganism; (8)  presence  or  absence  of  antagonistic  organisms;  (3)  the 
use  of  the  food  by  the  organism  as  nutrient  increasing  the  number 
and  for  producing  detrimental  end-products  for  survival;  (4)  the 
pH  of  the  food;  (5)  the  presence  of  inhibiting  quantities  of  sugar, 
salt,  spices  or  other  preservatives;  (6)  the  temperature  under 
which  it  is  stored;  (7)  if  frozen,  the  rate  of  freezing  and  (8)  the 
amount  of  light  or  radiation. 

Organism  Factors  Affecting: 

An  organism  may  survive  or  persist  in  foods  for  varying  lengths 
of  time  depending  upon  (1)  the  inherent  resistance  of  the  genus  and 
species  under  test;  (8)  the  particular  strain  of  organism  studies; 

(3)  the  presence  of  a protective  stage  of  the  organism  such  as  a 
spore;  (4)  the  presence  of  a protective  covering  on  the  cell,  such 
as  a capsule;  (5)  the  age  (in  the  growth  curve)  of  the  inoculum; 

(6)  the  numbers  of  organisms  inoculated;  (7)  the  ability  of  the 
organism  to  multiply  in  the  food  xuider  the  conditions  presented. 
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«Baclllu3  ( Table  F 1 ) Iteclllus  anthracls  was  found  to  survive  in  milk 
for  10  years,  was  present  on  oats  and  on  com  roots  for  50  days  and 
beans  for  6-11  days.  Other  Bacillus  species  were  found  commonly  in 
margarine  and  to  survive  on  fruit  for  long  periods  at  low  temperatures. 
i»Brucella  (Table  PS)  In  milk  the  bovine  strain  lived  for  5-10  days. 
In  sheep  milk  persistence  of  22-40  days  was  observed  at  refrigerator 
temperatures.  In  dairy  products  such  as  butter,  142  days  survival  and 
with  cheese,  1-S  months  most  common  but  as  long  as  1 year  was  listed, 
ice  cream  kept  for  5-7  years  at  -23  C.  still  had  Brucella  present.  In 
unsmoked  ham  survival  of  21  days  was  reported.  Brucella  survive  for 
an  hour  in  wines  and  up  to  3 days  in  beer. 

^Clostridium  (Table  F 3)  35ie  organisms  are  present  in  cheese  and 
other  milk  products,  on  vegetables,  meats  and  on  fish,  usually  In  the 
spore  states.  Clostridium  botulinum  was  able  to  exist  for  over  2 
years  on  vegetables  at  -16  C.  as  well  as  a large  variety  of  foods  at 
similar  temperatures.  Low  pH  inhibits  the  organisms  as  does  high 
temperature.  . 

»Collforms  (Table  p 4)  ISie  organism  may  be  present  in  milk  and  dairy 
products  for  long  periods  depending  on  pH  and  temperature.  Some 
cheeses  harbor  it  for  12  months  or  more.  In  frozen  eggs  B.  coli  re- 
covered, even  after  5 years.  It  is  present  in  sea  foods  and  may  live 
in  sausage  for  13  days.  Vegetable  surfaces  may  have  the  organism  on 
for  long  periods.  Storage  at  -4  F.  allowed  survival  for  a year.  Fruit 
surfaces  are  also  contaminated  and  can  live  for  2-4  months  at  low  tem- 
peratures. Beverages  such  as  milk  and  beer  may  have  the  organism 
present. 

^•Micrococcus  (Table  P 5)  Micrococcus  species  were  present  in  milk, 


eggs,  meat,  sauces,  on  vegetables  and  fruits.  Some  56j^  of  margarine 
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samples  had  Micrococcus  species  present.  In  eggs  at  -9  c»  survival  for 
1 year  is  listed.  In  meat, survival  of  over  60  days  at  22-37  C.  was 
reported.  Some  survival  of  16-144  hours  in  mayonnaise  was  found  even 
at  low  pH.  On  vegetables  at  -17  C.  8 month  survival  is  reported, 
prtiit  at  -18  C.  contained  organisms  for  6 months  while  juices  at  -4  C. 
lost  viable  counts  at  50  hours. 

»Mlc ro organ! sms  (Table  F 6) 

Corynebacterltua  - In  frozen  cream  for  over  4 days,  butter  for  1 
month  and  sausages  for  24  hotirs. 

Lactobacillus  - Present  in  milk  for  long  periods  and  on  peas  for 
over  2 years  at  15  F.i  in  butter  for  275-462  days. 

Rickettsia  - In  milk  for  at  least  24  hours  and  probably  7-30  days. 
Cheese  for  46  days  and  butter  for  41  days. 

Aehromobacter  - viable  in  butter  for  239  days. 

Bacterium  linens  - 4 month  survival  in  Cheddar  cheese  at  low  tem- 
perature and  pH. 

Trlchlnella  - In  pork,  survival  for  a few  minutes  to  36  hours  at 
sub-freezing  temperatures. 

Pasteurella  tularensis  - Present  in  grain  and  food  contaminated 
with  rat  excreta. 

Pseudomonas  - On  plants  for  69  days. 

Proteus  - In  fruit  juices  at  sub-freezing  temperattire  for  almost 
a month. 

»Mlcroorganisms  ( General ) (Table  p 7)  The  general  effects  of  low  tem- 
perature in  keeping  bacterial  flora  of  milk  and  milk  products  low  are 
given,  similar  reports  are  given  for  eggs.  Temperatxxre  and  humidity 
effects  on  survival  In  meat  are  shown  as  well  as  temperature  reduction 
of  organisms  in  fish.  Organisms  were  present  in  frozen  vegetables  for 
over  4 years  at  -18  C.  Temperatures  of  65-80  C.  did  not  destroy  or- 
ganisms. Low  tempera t-ure  and  moist  soil  plus  organic  matter  allow 
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pathogens  to  survive.  On  fruit  surfaces  many  organisms  may  he  present, 
Ihey  survive  at  low  temperature  for  long  periods  up  to  3 years.  Low 
pH  destroys  them  rapidly, 

■MMyoohacterlum  tuberculosis  (Table  F 8)  In  milk,  survival  of  10  days 
to  2 years  is  listed.  Low  temperature  allows  long  survival.  Sour 
milk  destroys  organism.  Temperatures  of  60-80  C.  Mil  rapidly.  In 
dairy  products  at  15-22  C,,  2-30  day  viability  is  listed  depending  upon 
pH,  Cheese  may  harbor  the  organism  for  2 weeks  to  nearly  a year  de- 
pending on  type  (of  cheese).  Ice  cream  kept  for  4-6^  years  yielded 
live  organisms.  The  organism  survived  pasteurization  in  butter. 

Several  reports  on  food  suggest  that  fat  protects  organisms, 

■itflalmonella  species  (Table  F 9)  The  major  proportion  of  reports  on 
organisms  in  food  dwells  on  Salmonella  species,  in  milk,  Salmonella 
types  may  survive  at  refrigerator  temperatures  about  17n-324  days. 

Many  experiments  with  lowered  pH  show  decreased  survival.  At  pH  4,7 
for  11-63  days  and  pH  4,2,  no  survival.  Different  species  and  strains 
vary  as  to  sensitivity  to  acid.  Sterile  milk  plus  Salmonella  give 
good  survival  suggesting  antagonism  may  destroy  them.  In  dairy  pro- 
ducts such  as  butter  117  day  survival  is  suggested,  for  curds  only 
48-96  hours,  for  ice  cream  about  6-7  years  at  -23  c,»  in  butter  49  to 
212  days,  buttermilk  for  10-16  days,  cheese  for  24-30  days  or  even  to 
6-10  months,  depending  on  the  species  and  inoculum  size. 

In  eggs  at  -1  to  -18  C,  some  11  month  smvival  reported,  while 
dried  egg  at  35  F,  allowed  viable  forms  at  65  weeks,  Egg  albumin  was 
contaminated  almost  always  and  the  organisms  lived  for  20  days  at 
120  F. 

in  meats  of  all  types,  Salmonella  were  present  in  some  1 to  26jg 
of  samples.  In  chicken  at  -25  C.,  270  day  survival  is  listed.  In 
corned  beef,  60  day  viability  is  given.  In  oysters,  4 to  24  day  sur- 
vival is  given.  In  other  sea  foods  4-40  day  svirvlval  was  found  at 
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low  temperature. 


In  sauces  such  as  salad  dressing,  survival  of  1 to  144  hours  was 
found.  In  cereals  and  breads  4^6  month  survival.  On  vegetables 
Salmonella  may  stay  for  a few  days  to  several  weeks  at  body  and  re- 
frigerator temperatures  or  up  to  85-31  days  at  room  temperature. 

Several  reports  suggest  800  day-3  year  persistence  in  canned  vegetables. 
In  frozen  foods,  12  week  survival.  On  greens  for  salad,  18  hour  to  81 
day  survival  has  been  observed.  In  or  on  fruit  these  organisms  live 
for  a few  days  in  low  pH  Juices  or  as  long  as  1-3  months  in  frozen 
fruit  or  for  68  days  on  suirfaces.  In  beverages  survival  of  Salmonella 
may  be  for  38  days  or  more  in  cold  beer  or  for  1 hour  in  wine, 

*Shigella  species  (Table  P 10)  In  milk  at  refrigerator  temperature, 
18-87  day  s\arvival  is  listed  with  53  days  in  pH  4,8  milk  but  only  3 
days  at  lower  pH.  In  milk  products  svirvlval  varies  from  curds  with  no 
survival  to  butter  at  18  day  viability.  Cheese  may  harbor  the  Shigella 
for  9 days.  Eggs  may  be  contaminated  for  3 months  at  -9  C,  Meats  con- 
tain viable  organisms  for  over  3 weeks.  Cereals  and  bread  may  have 
Shigella  present  for  1 day  up  to  45  days  with  decreasing  temperature. 
Fruit  have  been  contaminated  for  8-10  days, 

^Streptococcus  species  (Table  P 11)  Some  of  these  organisms  are  quite 
common  in  milk,  but  length  of  stirvival  a'pparently  is  not  too  long.  Re- 
ports suggest  8-48  hours  in  fresh  and  sterilized  milks.  In  dairy  pro- 
ducts pyogenic  streptococci  have  been  found  for  varying  periods  such 
as  in  cheese  from  9 days  to  over  18  weeks  depending  on  type  of  cheese 
and  in  butter  for  17  days.  Other  streptococci  may  exist  for  6 months 
in  butter.  Ice  cream  may  be  contaminated  for  12  hours  to  18  days. 

Eggs  may  contain  these  organisms  for  a few  ho\nc*s  udille  meats  have  been 
harboring  them  for  13-60  days.  Frozen  vegetables  may  have  strepto- 
cocci in  them  for  a year. 
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»VlbrjLo  species  (Table  F 113)  The  cholera  organism  survives  in  milk 
for  short  periods  of  a few  hours  at  room  temperature  to  8 days  in 
sterilized  milk.  In  dairy  products  such  as  buttej^  viable  organisms 
have  bean  found  for  81-over  98  days  with  low  temperatures  extending 
the  period  of  survival.  Cheese  does  not  allow  very  long  survival  with 
reports  varying  from  8 hours  to  4-5  weeks.  Curds  and  Trtiey  showed  poor 
STorvival.  In  fish  eggs^the  vibrios  lived  from  18  hours  to  over  8 days 
at  low  temperatures.  The  organisms  were  present  in  various  fish  and 
meat  preparations  for  varying  periods.  In  fish^the  usual  sixirvival  was 
for  a few  hours  to  a few  days,  Tttien  salted  and/or  at  low  temperature 
low  viability  was  found  in  fish.  In  meat^a  report  of  45  weeks  was 
fomd  but  another  report  suggested  8 weeks  at  3-8  C and  7-10  days  in 
hot  weather.  The  vibrios  survive  in  sauces  from  1 hour  to  about  84 
hours.  In  cereals,  8-15  hours  and  on  vegetables,  for  4-5  weeks;  on 
fruit  as  long  as  4 days  are  also  reported, 

«71ruses  (Table  F 13) 

Poliomyelitis  - The  virus  resists  heat  in  milk  better  than  in 
water.  In  butter^  91  day  viability  was  observed.  The  virus  was 
found  on  fresh  fruit  and  vegetables. 

Foot  and  Mouth  - The  virus  has  been  found  in  milk.  It  exists  in 
beef  at  -4  C.  for  84  hours  and  at  -80  C.  for  4 months.  Some  re- 
ports of  its  presence  on  cereals  suggest  4-80  week  persistence. 
Newcastle  - In  eggs^  survival  of  186-538  days  is  listed.  At  36  C, 
over  100  days  and  at  3-6  C,  over  500  day  survival  was  found.  In 
masl^56  to  over  538  day  viability  was  observed.  At  pH  5 and  37  C, 
56  days  was  the  extent  of  persistence  irtille  at  pH  5 and  3-6  C, 
over  500  day  existence  of  virus  was  observed* 

Fowl  Pox  - In  dried  eggs,  survival  of  1988-3598  days  (10  years ) is 


reported. 


Bncephallt3,3 1 Jap  B - In  eggs  at  4 C^^oxHy  6 hoiir  siirvival  was 
foxmd. 

Pigeon  Pox  - In  dried  eggSy  viability  of  1099-3605  days  has  been 
demonstrated* 

♦Yeast  and  Mold  (Table  P 14)  Yeasts  are  reported  in  milk  and  in 
margarine  (46jg  of  samples).  Vegetables  contain  yeasts  after  being 
frozen  but  90^  are  destroyed*  Yeasts  survive  for  7 months  to  3 years 
on  or  in  fruit  at  low  temperature*  In  foods^in  general^ yeasts  survive 
3-15  months* 

Molds  or  fungi  may  be  found  in  425^  of  margarine  samples.  In  or  on 
'76  ge tables  they  may  live  for  16  months  but  9pjS  are  destroyed  by  the 
freezing  process* 

On  fruit  or  in  fruit  juices  at  low  temperature,  viability  of  7 
months  to  3 years  lias  been  demonstrated. 


SURVIVAL  OF  ORGANISMS  IN  OR  ON  INSECTS 


The  duration  of  survival  of  potentially  pathogenic  as  well  as 
saprophytic  organisms  in  or  on  insects  of  various  types  has  received 
considerable  interest.  Some  Insects  have  been  found  to  play  an 
Important  role  in  the  transmission  of  certain  diseases.  Below  is 
given  a classification  of  arthropods  and  the  diseases  in  ■vrtilch 
they  play  an  Important  medical  role.  The  common  names  for  the 
Insects  are  given  within  the  parentheses  and  the  list  of  diseases 
in  which  the  particular  Insects  play  a role  are  capitalized. 

CLASSIFICATION  ^ ARTHROPODS  OF  MEDICAL  IMPORTANCE 
PHYLUM-ARTHROPOEA 

I*  Class  - Insecta  (Hexapoda)  - Insects 

A.  Order  - Orthoptera  (coclcroaches ) 

B.  Order  - Hemlptera  (true  bugs) 

Triatoma  spp.  (reduvild  bugs)  - CHAGAS  DISEASE 

2,  Bedbug's 

C«  Order  - Anoplura  (sucking  lice) 

1.  Phthirus  Publs  (pubic  or  crab  louse) 

2.  pedicxalu's  humanus  capitis  (head  louse) 

3.  Pediculus  humanuT  corporis  (body  louse)  - EPIDEMIC 

T^BLSPSWS  PMVL'K,  EFTBSUIff 'TYPHUS  AND  TRENCH  PEVER. 

D.  Order  - Coleoptera  (beetles) 

E.  Order  - Siphonaptera  (fleas) 

1.  Xenopsylla  cheopis  (rat  flea)  - PLAGUE,  EJJDEMIC  TYPHUS. 

2.  Ctenocephalldes  canis  (dog  fleas)  ~ DIPYLIDIASIS  and 

HgmoiEPiAsig’;’ 

3.  Tunga  penetrans  (Chigoe  flea). 

P.  Order  - Hyraenoptera  (bees  and  wasps) 

G.  Order  - Lepidoptera  (butterflies  and  moths) 


H.  Order  - Diptera  (flies  & mosqijitoes) 

Anopheles  spp,  (mosquitoes)  - MALAltlA  and  FILARIASIS 

2.  guJ^ex  spp.  (mosquitoes)  - FILARIASIS  and  ENCEPHALITIS 

3.  Aedes  spp.  (mosquitoes)  - YELLOW  FEVER,  DENGUE  FEVER, 
and  ^‘IIARIASIS 

4.  Monsonla  spp.  (mosquitoes)  - ENCEPHALITIS  and  FILARIASIS 
tfuddseta’  spp.  (mosquitoes)  - ENCEPHALITIS 

6.  Hemagogus  spp.  (mosquitoes)  - JUNGLE  YELLOW  FEVER 

7.  STmuium  spp.  (black  flies)  - ONCHOCERCIASIS 

8.  TOeTOontus  spp.  (sand  flies)  - SANDFLY  FEVER,  VERRUGA 
l»ESttnANA  and  LEISHMANIASIS 

9.  Cullcoides  spp.  (biting  gnats)  - MANSONELLIASIS . and 
ACANIfflOCHElLONEMIASIS 

10.  Chrysops  spp.  (deer  flies)  - TULAREMIA  and  LOIASIS 

11.  fflossina  spp.  (tsetse  flies)  - AFRICAN  SLEEPING  SICKNESS 

12.  Hippelates  spp.  (eye  gnats)  - YAWS 


II.  Class  - Arachnids 

A*  Order  - Acarlna  (ticks  and  mites) 

1.  Ornlthodorus  spp.  (soft  ticks)  - ENDEMIC  RELAPSING  FEVER 
Dermacentor  spp.  (hard  ticks)  SPOTTED  FEVER,  TULAREMIA, 
AOLoRADG  flCK  FEVER,  and  TICK  PARALYSIS 

3.  Ixodes  spp.  (hard  ticks)  - RTTRSIAN  SPRIWG-grrMMER 
ENCEPHALITIS 

4.  Rhlpicephalus  spp.  (hard  ticks)  - FIEVRE  BOUTONNEUSE 
and  KFlNYA  T^l^HUB 

Tromblcula  spp.  (mites)  - SCRUB  TYPHUS 

6.  Allodermanyssus  spp. (mites)  - RICKETTSIALPOX 

7. -  Sarcoptes  spp.  (scabies  mites)  - SCABIES 

8.  Bdellonyssus  spp,  (tropical  rat  mites) 

9.  gutromblcula  spp,  (ehlggers) 

10,  tiei^dex  spp.  (follicle  mites) 

I^dlculoides  spp,  (grain  itch  mites) 

B.  Order  - Aranelda  (spiders) 

1.  Latrodectus  spp,  (black  widow  spiders) 


C.  Order  - Scorpionlda  (scorpions) 


There  are  some  10,000  kinds  of  mites,  ticks  and  insects  Tdiich 
affect  man  with  bites  or  allergic  reactions  and  infect  man  with  one 
01^ another  type  of  disease.  Some  of  these  •’insects"  carry  disease 
by  accident  or  only  occasionally.  Some  of  the  diseases  are  not 
directly  man  to  man  through  insects  but  may  be  carried  among 
cattle  and  other  livestock  as  well  as  wild  animals,  then  from  these 
reservoirs  back  to  man. 
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Some  Insects  are  considered  only  as  mechanical  carriers.  Ihis 
is  where  they  walk  over  infected  material  and/or  eat  the  contaminated 
materials  and  then  transfer  the  infectious  orgailsm  hy  defecation, 
vomiting  or  merely  crawling  over  food  or  susceptible  host.  Other 
insects  act  as  mechanical  vectors  by  picking  up  orgmalsms  when 
biting  an  infected  human  or  animal  and  carrying  on  itself  until  it 
bites  a new  host. 

A different  and  more  complex  relationship  exists  in  some  Insects 
where  the  organism  grows  or  multiplies  in  the  insect  and  then  is 
transmitted.  In  certain  insects  the  organism  may  go  through  the  life 
cycles  and  continue  to  be  infectious  following  defecation  or  vomiting.’ 
In  a few  instances  the  parasite  may  go  through  a portion  of  its  life 
cycle  in  the  insect  before  becoming  infectious  for  humans  or  animals. 
This  type  nf  relationship  is  difficult  to  assess  in  survival  aaid 
persistence  studies  undertaken  here. 

Ihe  organisms  carried  by  Insects  may  be  viruses,  bacteria, 
fungi,  protozoa  and  even  the  larger  roundworms  and  tapeworms.  Some 
are  transmitted  by  the  insect.  Experimentally,  some  insects  have 
been  contaminated  with  organisms  and  the  rate  of  survival  studied 
but  under  field  conditions  the  organism  may  or  may  not  ever  be 
found  to  be  associated  with  Insects  in  general  and  the  one  under 
study  in  partlCTJlar. 

The  following  tables  list  numerous  pathogenic  and  saprophytic 
organisms  found  associated  with  insects.  For  the  most  part,  data 
on  medically  Important  microorganisms  are  presented.  In  some  cases 
organisms  closely  related  to  the  pathogens  have  been  included  for 
comparative  purposes.  HJherever  exact  data  on  Inocxaum  size  and 
recovery  rate  in  experimental  studies  were  available  the  Information 

was  recorded.  Experimental  transmissions  or  survivals  have  been 
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noted  as  such  (exptl. ).  \Vhere  studies  vrere  made  \mder  field 
conditions  and  the  organism  was  fo\md,  recovery  has  been  recorded 
as  "present" » Where  no  numerical  figures  or  quantitative  studies 
were  available  and  the  organism  was  found,  recovery  has  also  been 
recorded  as  "presents  In  some  Instances  studies  were  made  to  see 
if  the  Insects  could  transmit  a particular  disease  organism.  If 
the  results  were  positive  it  has  been  recorded  as  "transmitted". 
Factors  of  Nature  Affecting; 

The  climate,  namely  temperature  and  relal'lve  humidity  play 
a role  in  survival  of  some  organisms  on  Insects.  low  RH  ajid  high 
temperature  adversely  affect  raai^y  organisms.  The  seasons  of  the 
year  as  well  ns  rainfall  are  important.  Some  diseases  are  not 
Important  in  certain  areas  because  the  Insect  vectors  cannot 
survive  or  live  there.  Certain  factors  such  as  presence  of  food 
and  favorable  climate  as  well  as  intermediate  hosts  are  Important 
in  the  survival  of  the  insect  as  well  as  the  organism. 

Factors  of  Insect  Affecting; 

Insects  vary  in  their  importance  as  vectors  of  pathogenic 
organisms  because  of  their  living  habits.  Some  do  not  live  near 
places  'Sphere  the  organisms  exist.  Others  while  living  close  to 
humans  eind  their  organisms  do  not  feed  on  contaminated  material 
whether  it  be  food,  excreta  or  by  biting  or  sucking  on  infected 
hosts.  Thus,  they  do  not  play  an  important  role  as  vectors.  Some 
organisms  are  carried  by  some  insects  for  varying  periods  but  are 
not  transmitted  for  various  reasons  such  as  the  numbers  might  be 
too  small^or  the  organism  must  be  transmitted  into  the  blood 
stream  and  the  Insect  does  not  bit^  or  the  organism  is  not  in  the 
biting-parts.  Some  insects  do  not  provide  proper  food  or  conditions 
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for  survival  of  the  orgoMsm.  It  raight  contain  antagonistic 

•• 

j||^  chemicals  as  well  as  other  antagonistic  organisms  which  would 
prevent  survival. 

Factors  of  Organism  Affecting; 

The  inherent  properties  of  an  individual  genus,  species  and 
strain  may  determine  whether  it  survives  in  or  on  a particular 
insect  for  any  length  of  time.  Presence  of  a spore  or  capsule  or 
other  resistant  cell  components  help  in  survival  or  persistence 
of  the  organism.  Some  cell  walls  are  more  resistant  to  the  drying 
conditions  of  air  and  aid  in  persistence  of  the  organism  vhen  on 
insects.  Other  organisms  can  grow  in  Insects  thus  providing 
greater  numbers  and  longer  survival.  Others  may  resist  insect 
digestion  and  antagonistic  organisms  for  survival  while  others 
may  pass  into  new  generations  by  transovarlaii  ijassage. 

SmOIAHY 

'!*«Bacill\>s  (Table  I 1)  The  important  organism  of  this  group 

anthracis)  was  studied  In  bedbugs , beetles , cockroaches , flies  and 
ticks.  It  was  foimd  present  in  bedbug  feces,  experimentally  it 
remained  in  stomach  and  feces  for  £4-96  hours.  In  beetles  tlja 
organism  was  reported  present  as  was  true  for  cockroaches.  The 
organism  was  found  present  and  could  be  transmitted  by  flies,  passing 
through  the  life  cycle.  This  was  true  also  in  ticks,  the  organism 
being  in  feces  for  at  least  100  d. 

»»Borrella  (Table  12)  Organisms  of  this  group  are  reported  in  bed- 
bugs, lice,  reduvllds  and  ticks.  Experimental  studies  with  bedbugs 
) indicated  survival  in  but  no  transmission  by  bite.  In  lice  B.  re- 
current^ existed  for  at  least  19  days  and  could  be  transmitted  by* 

Pedlculus  corporis.  In  triatoma  B.  duttoni  lived  for  6 days • Much 

(I  5) 


work  was  done  with  many  species  of  ticks  and  with  several  types  of 
Borrelia,  B*  recurrentls  lived  for  5-6,5  years  in  Ornlthodoroa . 
species  and  could  be  transmitted  by  nmerous  species.  Other 
Borrelia  are  reported  as  present  and  transmitted  by  Ornithodoros , 
Rhipecephalus  and  Argas  genera. 

<WBrucella  (Table  I 3)  Reports  are  present  on  bedtugs,  cockroaches. 
fleas , flies  and  ticks.  Bedbugs  were  host  to  the  organism  for  over 
3 months  but  not  transmitted  by  bite.  They  lived  for  only  24  hours 
in  roach  feces.  Organisms  were  found  present  in  flea  feces  but  not 
transmitted.  Flies  harbored  the  organism  for  over  96  hours  in  the 
gut.  In  ticks,  the  Brucella  organisms  lived  for  over  3 months  passing 
through  to  eggs  and  larvae  and  being  transmitted  by  bite. 

««Clostridium  (Table  14)  Studies  were  made  on  beetles  and  cockroaches. 
Cl.  tetanl  and  Clostridia  of  the  gas  gangrene  group  were  reported 
present  in  the  feces  of  selected  beetles  and  roaches. 

Conforms"  (Table  15)  Findings  are  discussed  for  beetles . cock- 
roaches. emd  flies.  Most  reports  indicate  coliform  organisms 
(B.  coll,  aerogenes  and  paracolon  organisms)  present  in  the  insects 
listed  with  transmission  by  the  perl plane ta  amerlcana  roach.  Particu- 
lar Interest  was  shown  in  flies  where  growth  in  the  flies  was  reported 
and  Increased  munbers  in  ■unsanitary  areas. 

**Corynebacteriun  (Table  16)  Studies  are  reported  on  'these  organisms 
in  beetles,  cockroaches  and  flies.  Diphtheroids  were  found  in 
beetles  and  roaches  while  the  diphtheria  organism  was  observed  in  the 
intestinal  tract  and  on  legs  of  roaches.  Experimental  survivals  in 
flies  STiggested  survival  of  a few  hours  on  legs  and  wings  to  slightly 
over  24-50  hours  in  ■the  intestinal  tract. 

«<01ploGoccus  (Table  17)  The  diplococcus  of  pneumonia  was  reported 
present  in  cockroaches,  fleas  and  in  lice.  It  was  reported  present 

(I  6) 


on  legs  of  roaches,  in  feces  of  roaches,  fleas  and  lice. 

Streptococcus  (Table  17)  Various  streptococcus  species  were 
foimd  in  cockroaches,  flies  and  reduvllds.  Reports  are  on  S.  f ecalls . 
equlnus  and  pyogenes  as  being  present.  Transmission  of  S.  fecalls  by 
trlatoma  Is  indicated* 

»«Fungl.  Yeasts  and  Molds  (Table  18)  Brief  data  Is  presented  on  these 
microorganj.sms  In  cockroaches.  Experimental  Inoculation  of  torula 
suggested  recoveries  up  to  6 days* 

<HMalleomyces  (Table  19)  Studies  on  beetles , cockroaches,  fleas , 
and  mo3q\d.toes  are  listed.  It  is  reported  present  In  feces  of  all 
but  mosquitoes.  In  fleas  sui^lval  Is  given  at  50  days  with  transmis- 
sion for  M.  pseudomallei  with  transmission  also  listed  for  Aedes 
aegyptl. 

»>Mlcrococcu3  (Table  I 10)  Brief  notes  are  made  for  the  presence  of 
various  Micrococcus  species  In  beetles,  cockroaches,  flies . lice. 
mosquitoes  and  ticks*  Survival  studies  are  listed  for  Staph,  aureus 
in  the  gut  (8  days)  and  feces  of  flies  at  3-5  days.  Staph,  citreus 
passed  through  the  life  cycle  and  lived  for  9 days  after  matTirity. 

Lice  were  able  to  transmit  Micrococci,  Staph,  aureus  lived  for  at 
least  24  hours  but  not  7 days  in  the  gut  of  Aedes  aegyptl. 
■aHaiicroorganisms  (Table  I 11)  This  section  contains  a few  isolated 
reports  on  several  gram  negative  organisms  Including  Klebsiella, 
Proteus,  Pseudomonas.  Serratla  and  Neisseria. 

Klebsiella  - found  to  be  present  in  feces  of  beetles  and  roaches* 

Proteus  - present  and  transmitted  by  roaches;  present  In  flies. 

Pseudomonas  - present  and  transmitted  by  roaches;  present,  passes 
tbroxigh  life  cycle  of  flies  and  transmitted  by 
flies. 

Serratla  - experimental  throughout  life  of  roach;  exptl.  in  flies 
lived  4-5  days  in  crop,  18  days  in  intestines  but  only 
one  day  j.n  pupae  of  Musca  domestics. 


»«Mycol)aeterli>m  (Table  I 12)  Reports  are  listed  on  the  presence  of 

t^t)erculosls  in  beetles . o ockroaches , and  flies ; and  for  !!•  leprae 
tiedbugs , cockroaches , flies,  lice  and  mosquitoes.  The  studies 
with  M,  tuberculosis  reveal  it  to  be  present  in  beetles,  present  for 
2-5  days  and  transmitted  by  roaches,  present  in  flies,  survive  13 
days  in  flies  intestines  and  feces  and  to  be  transmitted  by  flies. 

leprae  (or  similar  organism)  is  reported  to  be  present  for  5-16 
days  on  and  In  bedbugs,  to  exist  up  to  169  days  in  roaches,  to  be 
present  in  the  stomach  of  fleas  and  to  live  for  several  days  in 
flies  and  mosquitoes  as  well  as  being  found  in  lice. 

»»pasteurella  (Table  I 13)  Various  insects  including  bedbugs,  fleas , 
flies , lice . mites,  mosquitoes  and  ticks  have  been  recorded  as 
harboring  Pasteurella  organisms  for  varying  lengths  of  time.  The 
Important  organisms  are  Pasteurella  pestis  of  plague  and  pasteurella 
t\alaren3ls  of  tularemia. 

P,  pestis  - The  Insect  of  importance  is  the  flea.  History  has 
recorded  its  role  in  the  transmission  of  plague  from  rat  to  man. 
Representative  reports  reveal  its  survival  and  growth  in  fleas  with 
s\irvival  in  the  flea  for  periods  up  to  21  days  and  4-5  weeks  Jji 
flea  feces.  The  organism  was  also  found  in  ticks  and  to  be  trans- 
mitted by  ticks, 

P,  tularensis  - In  bedbugs  survival  was  for  136  days  with 
transmission,  pleas  were  found  to  contain  the  organism  and  transmit 
it  as  well.  The  same  was  true  for  certain  flies,  lice,  mites  and 
mosquitoes.  Tularemia  is  transmitted  more  often  through  ticks.  The 
organism  survived  in  Ornlthodoros  for  674-701  days,  was  able  to  sur- 
vive the  life  cycle  of  Dermacentor  and  could  be  found  in  Ixodes. 
<HK-protozoa  and  Metazoa  (Table  I 14)  Data  are  presented  on  bedbugs, 
cockroaches,  flies . lice,  mosquitoes . reduvllds  and  ticks . 

Trypanosomes  - reported  transmitted  by  bedbugs,  transmitted  by 


flies  (Qlossina  species lice,  mosquitoes  and  reduviids  with  survival 

fi,n  the  triatoma  for  2-6  days, 

' 

Leishmania  - found  to  be  present  and  transmitted  by  flies 
(Phlebotamus)  and  survived  in  reduviids  for  one  day  with  25  day  sur- 
vival in  ticks  plus  transmission, 

Endamoeba  - present  in  roaches  for  72  hours,  present  in  flies 
for  short  periods  (2-3  days)  at  most. 

Glardia  - found  in  roaches  and  sxirvived  up  to  12  days  experi- 
mentally, also  present  in  flies  for  a few  days, 

C’hilomastix  - present  In  flies, 

Endolimax  - present  In  flies 

Worms  - hookworm  found  in  roaches  and  flies,  tapeworms  reported 
in  roaches,  roundworms  present  in  roaches  and  flies. 

Fllarla  - present  and  transmitted  by  mosquitoes. 

Plasmodia  - in  mosquitoes  with  survival  and  transmission  given 
under  varying  conditions  of  temperature  and  relative  hmnidlty  in 
various  mosquitoes, 

Babesia  - present  and  transmitted  by  ticks, 

»>»Rickett3la  (Table  I 15)  Studies  on  Rickettsia  in  Insects  were  limited 
to  a few  reports  in  bedbugs,  fleas . lice  and  mites  with  many  reports 
on  ticks.  Rickettsiae  were  found  to  be  present  in  bedbugs , soarvive 
from  24  hours  to  10  days  but  not  to  be  transmitted.  Rickettsia  of 
typhus  fever  were  found  present  in  fleas,  could  survive  up  to  52  days 
within  the  flea  and  be  transm:Ltted,  Survival  studies  of  Rickettsia  in 
lice  and  louse  excrement  are  reported  with  persistence  for  10  days  to 
4 months.  In  feces  under  varying  conditions  of  temperature  Eind 
humidity  the  Rickettsia  lived  for  11-12  days  up  to  147  days  and  could 
be  transmitted  to  susceptible  animals.  Typhus  fever  and  other  Rickett- 
sia were  present  naturally  and  could  be  transmitted  by  numerous  types 
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of  mites.  Data  presented  on  survival  and  persistence  In  ticks  are 
extensive,  lyphus  fever,  rocky  moimtaln  spotted  fever,  bullls  fever 
and  Q fever  Rickettsia  constitute  the  major  reports.  R.  rlckettsl 
is  reported  surviving  345  days.  It  is  present  in  ntimerous  types  of 
ticks  naturally  and  experimentally  transmitted  to  susceptible  animals. 
Other  rlckettsia  (RMSF)  pass  through  the  life  cycle  and  may  s\arvlve 
over  1000  days  in  ticks,  Coxiella  burnetl  is  reported  present  and 
transmitted  by  ticks  surviving  600-900  days  and  being  transmitted 
400-700  days.  In  tick  feces  viability  up  to  586  days  is  listed, 
■^wsalmonella  (Table  l 16)  These  orgailsms  are  reported  from  bedbugs . 
cockroaches,  fleas,  especially  from  flies,  and  in  one  or  two  reports 
from  lice , mosqirltoes  and  ticks.  Oheir  importance  is  in  intestinal 
diseases  vdiere  the  organisms  may  be  deposited  on  food  in  feces 
primarily.  In  bedbugs  experimental  sur’/ival  is  noted  for  2-3  weeks 
without  transmission.  A number  of  papers  on  cockroaches  reveal 
Salmonella  to  be  present  naturally  and  to  be  transmitted.  Experi- 
mental findings  suggest  survivals  from  7 days  to  42  days  with  survi- 
val within  the  body  and  in  the  feces.  Reports  on  experimental  work 
wltn  fleas  Indicate  96  hour  survival  in  the  body,  less  than  24  hoiirs 
in  the  feces  but  transmission  was  possible.  One  report  revealed 
nattu*al  presence  with  transmission,  salmonella  of  typhoid  fever 
were  present  in  flies.  Experimental  survival  and  transmission  could 
be  followed  up  to  23  days.  One  report  suggested  multiplication  of  the 
organism  in  the  gut.  Experimental  results  on  survival  of  other  Salmo- 
nella revealed  persistence  from  10  days  up  to  4 weeks.  Salmonella 
were  reported  in  lice.  In  mosquitoes  survival  of  Salmonella  experi- 
mentally was  for  1 hour  in  one  finding  but  with  a different  organism 
and  mosqxjlto  a 3-4  week  persistence  is  reported.  In  tick  feces  one 
Salmonella  species  survived  for  35  days. 
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smShlRella  (Table  I 17)  One  brief  report  on  ants  suggests  survival  on 
feet  for  24  hours.  All  other  reports  are  on  flies.  Several  Shigella 
species  are  reported  as  present  iiTith  survival  for  5-11  days.  One 
report  suggests  multiplication  of  dy sente rlae  in  the  hour*'=^  fly. 
<t'»taplrochete3  ( Table  I 18 ) Two  papers  report  Treponema  pertenue  to 
be  present  in  and  transmitted  by  flies.  One  report  is  on  experi- 
mental survival  of  leptosplra  in  Trlatoma. 

■»H»vibrlo  (Table  I 19)  Reports  are  available  on  the  survival  of  the 
cholera  vibrio  in  cockroaches  and  flies.  Persistence  for  79  hours 
in  roach  feces  is  listed.  Ihe  orgatiism  is  reported  as  present  in 
flies  ^vlth  experimental  survival  for  30-48  hours, 

«<tviru3es  (Table  I feo)  Studies  are  listed  on  bedbugs,  cockroaches . 
flies  a lice,  mites  a mosquitoes,  reduvllds  and  ticks. 

Yellow  Fever  - present  in  bedbugs  for  2 days*  in  mosquitoes 
Where  nature  and  history  have  shown  transmission  to  be  important* 
survival  of  39  days  in  Cfulex  with  transmission,  presence  and  trans- 
mission in  Haamogogus , in  Aedes  survival  throu^out  life  of  mosquito 
(approximately  800  days)  is  reported  with  the  virus  present  in 
nearly  all  tissues.  The  virus  was  also  fovind  to  survive  in  Trlatoma 
for  a week  but  without  transmission.  In  ticks  survival  lasted 
about  6-S3  days  but  was  not  transmitted  by  bite  of  tick. 

lymphocytic  Ghoriomeningltls  - Experimentally  survived  in 
bedbugs  for  a few  minutes  (10)  to  85  days.  It  was  found  in  cockroaches 
and  experimentally  survived  in  and  was  transmitted  by  mosquitoes.  The 
same  was  true  in  ticks. 

Poliomyelitis  - Bie  virus  was  found  present,  survived  from  1-15 
days  in  experimental  studies  in  roaches  with  excretion  for  at  least 
two  weeks.  In  flies  the  virus  is  probably  present  in  nature.  Ex- 
periments stiggested  survival  of  2 days  to  3 weeks  in  different 
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species  with  possible  transmission  reported.  Survival  of  3 weeks 
in  mosquitoes  is  revealed. 

Coxsaokie  - In  cockroaches  experimental  persistence  and  trans- 
mission up  to  15  days  is  suggested. 

Mouse  Encephalitis  - A period  of  7 days  for  survival  in  roaches 
is  given  for  experimental  results. 

Eastern  Equine  Encephalitis  - The  virus  was  found  present  in 
lice  and  mites.  The  mosquito  is  the  important  vector  with  the 
vlru.s  being  present  in  numerous  species  of  Aedes,  Transmission  up 
to  2 months  was  reported.  The  virus  was  also  found  to  be  experimen- 
tally transmitted  by  ticks. 

St.  Louis  Encephalitis  - Reports  indicate  its  presence  In  mites 
with  transmission.  Aedes,  Culex  and  Anopheles  mosquitoes  were  found 
able  to  harbor  and  to  transmit  the  virus. 

Western  Egtiine  Bncephalltis  - This  virus  was  found  in  mites. 
Experimental  findings  revealed  transmission  by  various  Aedes  and 
Culex  mosquitoes.  Also  reported  is  transmission  by  Trlatoma. 

Jap  B Encephalitis  - Reports  of  experimental  transmission  in 
Culex  and  Aedes  showed  survival  from  15-91  days. 

Venezuelan  Equine  Encephalitis  - Transmission  was  revealed  for 
Anopheles,  Aedes  and  Mansonla  species.  Survival  for  17  days  was  noted 
in  Ti'iatomabut  no  transmission. 

Rift  Valley  - This  virus  is  reported  as  being  present  in  mosqul- 

f 

toes  and  of  being  transmitted. 

Russian  Spring  and  Summer  - Ticks  are  able  to  harbor  the  virus  for 
varying  periods  up  to  40  days  with  transmission  by  Ixodes  and  Ornitho- 
doros . 
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Dengue  - The  virus  survived  for  periods  up  to  174-200  days  in 
mosquitoes.  Low  temperatures  and  serial  passage  lowered  infectivlty. 

Colorado  Tick  - This  virus  was  found  present  in  Dermacentor 
and  could  be  transmitted. 


**  Headings  for  major  groups  of  organisms. 


THE  EFFECT  OF  PRESSURE  OIT  THE  PERSISTENCE  (SURVIVAL)  OF  ORGANISMS 


Small  amounts  of  pressure  do  not  affect  microorganisms  particu- 
larly, but  my  Increase  tlie  rate  of  some  chemical  reactions.  If 
••super-pressures"  in  the  order  of  5,000  atmospheres  are  applied,  the 
pressures  are  able  to  denature  proteins,  kill  bacteria.  Inactivate 
viruses  and  detoxify  toxins.  The  temperatures  necessary  for  such 
activity  are  not  raised  above  80-25  C* 

smoiARY  (TablA  P 1) 

^Escherichia  coll  - some  5,000  atm.  of  pressure  destroy  the  cells  in 
45  minutes.  When  exposed  to  approximately  500  Ibs/sq.ln.  of  argon, 
nitrogen,  nitrous  oxide  or  carbon  dioxide,  some  destruction  of  the 
cells  occurred.  Pressure  at  5,000  lbs/sq,in»  affected  the  rate  of 
dislnfection^dependlng  upon  the  temperature.  When  1,000  Ibs/sq.in. 
of  pressure  was  applied  to  cultures  at  temperatures  below  37  C.,  growth 
was  retarded  but  accelerated  above  37  C« 

<»Aerobacter  aerogenes  - Very  high  pressures  of  100,000  Ibs/sq.ln. 
destroyed  in  4-5  minutes,  while  50-65,000  destroyed  in  10  minutes  and 
30-45,000  killed  in  1 hour, 

^Salmonella  - These  organisms  were  destroyed  at  5,000  atm.  of  pressure 
in  45  minutes. 

^Bacteriophage  - Some  strains  are  destroyed  by  4500  atm, , yihlle 
others  are  not, 

»V1 ruses  - Rabies,  herpes,  yellow  fever,  foot  and  mouth,  encephalitis 
and  smallpox  viruses  were  exposed  to  pressures  of  3000  to  7000  atm, 
with  resulting  destruction  in  30-45  minutes.  Some  differences  in 
spisceptibllity  are  noted, 

H»Mold  and  Yeast  - Pressiu'ee  of  30-35,000  and  85,000  Ib/sq.in,  were 
tested  with  resulting  destruction  in  5 mlnutes-1  hotir, 

4»Bacterla,  General  - Vegetative  cells  may  withstand  6,000  atm,  for  14 
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hours,  udille  spores  withstand  12,000  atm.  for  the  same  period.  Marine 
bacteria  may  remain  viable  under  400-600  atm.  at  30  C.  for  4 days, 
^Streptococcus  - Exposed  to  30-100,000  Ibs/sq.ln.,  these  organisms 
survived  for  4-5  minutes  at  the  high  pressures  and  1 hour  at  the  low 
pressures. 

^Micrococcus  - Some  3000  to  6000  atm,  of  pressure  were  tried  on  these 
organisms  with  recovery  at  45  minutes  with  the  lower  pressure  but  not 
at  6000,  Other  experiments  showed  that  5000  atmospheres  destroyed  the 
organisms  in  45  minutes  as  toII. 

■»^Myc o bac t erium  - At  3000  atm.,  the  cells  survived  45  minutes  but  not 
with  6OO0atm,  of  pressure, 

^^Faste^a»ella  - VJhen  exposed  to  over  2000  atm,  of  pressure,  survival 
of  30  minutes  was  obtained. 

»Serratla  - At  3000  atm,,  the  cells  lived  45  minutes  but  not  with 
6000  atm.  When  subjected  to  30-100,000  Ibs/sq.ln. , survival  of  less 
than  1 ho\ir  was  observed. 

<i-Coryne bacterium  - dhese  organisms  were  destroyed  by  pressures  of 
40-45,000  Ibs/sq.in. 

■i»Dlplococcu3  - Pressures  of  5,000  atm,  destroyed  the  organisms  in 
45  minutes. 
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THE  EFFECT  OF  RADIATION  ON  THE  PERSISTENCE  (SURVIVAL)  OP 

ORGANISMS 

Studies  on  radiation  have  shown  certain  ranges  of  the  electro- 
magnetic spectrum  to  be  deleterious  to  microorganisms.  This  includes 
(1)  ultraviolet  (200-300  mu-or  2000-3000  A \jnlts);  (2)  X-rays  (0,005- 
1 rau)r  (3)  ^ rays  (short  x-rays);  (4)/?  ra:"',  or  cathode  rays  or  hi^ 
velocity  electrons;  (5)  o(  rays  or  liigh  velocity  helium  nuclei  and 
(6)  neutrons. 

It  has  been  suggested  that  gaoma^  x-ray  and  UV  radiation  of  madia 
and  organism  produces  toxic  substances  which  destroy  the  organisms . 
The  death  rate  in  the  organism  suspensions  is  considered  as  a loga- 
rithmic one  in  relation  to  the  energy  absorbed.  This  has  been  shown 
with  numerous  organisms  and  various  types  of  radiation.  Heat  is 
probably  not  the  predominant  factor  in  death  of  the  cells. 

Some  reports  suggest  the  amount  of  radioactive  lethal  doses  in- 
volved necessary  for  killing  vegetative  cells  and  spores  of  different 
organisms  at  between  4-200  r x 10®.  Ultraviolet  energy  expended 
approaches  1-50  ergs  x 10®/cm2,  Sometimes  a correlation  may  be  made 
between  chemical  sensitivity  and  radiation  sensitivity.  No  exact 
relationships  have  established  between  sensitivity  to  radiation  and 
taxonomic  classification. 

Several  mechanisms  or  modes  of  action  for  radiation  effects  on 
microbial  cells  have  been  proposed.  The  energy  must  first  hit  and  be 
absorbed  by  the  cell.  UV  hits  particiilarly  the  nucleic  acids  of  the 
cell  at  260  mu.  3he  other  rays  hit  the  cell  substances  in  general. 
With  x-ray,  gamma  and  beta  radiation  the  fast  moving  electrons  damage 
the  cells  probably  by  the  collisions  involved.  Perhaps  this  is  true 
of  alpha  and  neutron  radiation  which  also  form  ionization  tracks 
through  the  cells. 
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One  of  the  theories  on  radiation  action  is  the  so-called  target 
theory  vdiereby  desti*uction  on  the  logarithmic  order  occtirs  follov/ing 
a "hit”  on  the  cell  by  radiation  energy.  Temperature  does  not  affect 
the  rate  of  destruction  so  it  is  assumed  that  no  actual  chemical  re- 
action takes  place  in  the  destruction  since  temperature  rise  increases 
rate  of  chemical  reaction.  Areas  of  the  so-called  sensitive  target 
of  a cell  have  been  estimated  by  the  amount  of  radiation  necessary  to 
destroy  the  cells. 

One  theory  suggests  that  a lethal  mutation  has  taken  place  in  the 
cell  hit  by  radiation.  This  suggests  that  a particular  chemical  entity 
is  changed  so  that  life  processes  cannot  go  on.  Some  experiments 
observing  cells  attacked  by  radiation  show  tliat  one  or  two  divisions 
may  take  place  and  then  stop — with  resulting  death  before  visible 
colonies  can  develop. 

Ionizing  and  ultraviolet  radiation  may  result  in  certain  decom- 
position products  such  ns  quantities  of  formic  acid  or  hydrogen  perox- 
ide. There  is  a great  amount  of  evidence  in  favor  of  enzyme  inacti- 
vation by  the  radiations.  2hese  inactivations  or  transformations  in 
enzyme  activity  may  result  in  complete  inactivation  of  certain  pro- 
cesses of  the  cell  and  allow  others  to  progress  resulting  in  the  over- 
production of  products  which  pile-up  and  become  toxic  to  the  cells. 

This  results  in  stopping  of  metabolism  and  stopping  of  multiplication 
and  then  in  death. 

In  nature,  the  sunlight  contains  varying  amounts  of  infra-red 
tlirough  ultraviolet  radiations.  The  ultraviolet  is  especially  active 
in  the  destruction  of  microorganisms  so  that  cells  exposed  to  sun  rays 
may  be  destroyed  much  more  readily  than  if  in  the  dark  or  shaded  to  be 
protected  from  the  sun  radiation. 
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SUMMARY^H^ 


iHusee  also  surfaces  and  soil  for  sunlight  effects. 

^-Bacillus  species  (Table  R 1)  Radiation  of  the  UV  at  452  erg/m^  at 
2537  A destroys  90^  of  cells.  The  spores  and  vegetative  forms  did  not 
differ  in  susceptibility  greatly.  Death  time  ranged  from  5 seconds  to 
30  minutes  depending  on  exposure.  Exposed  to  sunlight i the  organisms 
survive  for  2-6  hours  on  plates  to  36  hours  in  blood,  presence  of  air 
seems  to  aid  destruction.  Ultrasonic  at  320  kc  destroyed  cells  (99^) 
in  45  minutes.  Electrons  were  active  in  1 second. 

^Bacteria  (General)  (Table  R 2)  Some  general  effects  of  ultraviolet, 
sunlight,  x-ray,  ultrasonic  and  electric  current  are  presented. 
'»»Bacterlophage  (Table  R 3)  Dysentery  phage  at  1.5  erg/m^  per  second  at 
2537  A (W)  n&s  inactivated.  In  sunlight  phage  was  destroyed  slowly. 
Ultrasonic  destroyed  phage  in  30-60  minutes.  Phage  resisted  radium 
radiations  for  3 days, 

^Brucella  (Table  R 4)  Light  of  tropics  at  44  C.  destroyed  cells  in  45 
minutes.  In  nature,  there  is  a lower  Incidence  of  the  disease  where 
there  is  an  abundance  of  sunlight  and  low  humidity.  Ultrasonic  at 
2641  kc  formed  rovigh  from  smooth  cells  in  3 hours. 

»Diploooocus  pneumoniae  (Table  R 5)  These  cells  are  reported  less  sus- 
ceptible than  soma  other  bacteria  for  perhaps  the  capsule  protects.  In 
sunlight  the  organism  lived  in  sputum  for  less  than  5 days  while  in 
diffuse  light  30  days  and  in  the  dark  for  35  days.  Neon  light  destroyed 
the  cells. 

^Conforms  (Table  R 6)  Much  work  has  been  done  using  the  conforms  as 
an  indicator  of  sensitivity  to  UV  radiation.  Low  RH  was  found  to  in- 
crease U7  action.  Various  langes  of  the  spectrum  were  used  with  most 
of  the  studies  at  8537  A where  it  vias  most  active.  Other  strains  were 


less  resistant.  Usual  destruction  time  is  in  a few  minutes.  Rate  de- 


pends  on  UV  source  and  distance  from  organisms,  organic  matter  pro- 
tects organisms.  X-ray  studies  suggest  younger  cells  more  suscoptltle. 
Removal  of  oxygen  slows  down  killing  rate,  A.  aerogenes  was  reduced 
to  37jJ  by  14,000  R.  Ultrasonic  studies  reveal  resistance  In  one  re- 
port and  99.9jC  loss  In  15  minutes  In  another.  Conforms  liave  also 
been  exposed  to  electrons  with  10,000  volts  destroying  In  1 ho\ir,  and 
to  neon  with  no  results  and  to  radium  with  no  growth, 

<«Mlcrococcus  (Table  R 7)  Numerous  reports  of  these  organisms  suggest 
that  the  Micrococci  are  quite  resistant  to  U7»  Various  ranges  of  UV 
were  used  and  different  levels  of  energy  used  against  several  strains. 
Direct  sunlight  killed  ciiltures  at  E3  F.  In  one  hour  iTflille  tlirough 
glass  several  hours  were  necessary.  X-rays  at  3600-4400  level  des- 
troyed Ultrasonic  killed  90^  In  45  minutes.  Low  velocity  elec- 

trons killed  the  organisms,  as  well  as  10,000  volts.  In  one  hour.  Neon 
also  destroys  In  1 minute, 

^Microorganisms  (Table  R 8) 

Aleallgenes  - Two  species  showed  wide  difference  in  suscepti- 
bility to  UV,  one  destroyed  in  15  seconds,  the  other  in  30 
minutes, 

Corynebacterlum  - These  organisms  were  found  more  susceptible 
to  UV  than  Bacillus,  Staph,  and  others.  At  55  C.  in  tropical 
sxmllght,  no  organisms  survived  for  45  minutes.  Cultures  kept 
in  the  dark  lived  1/3  to  i longer  than  those  exposed  to  light. 
Hemophilus  - Were  very  susceptible  to  UV. 

Klebsiella  - Almost  completely  destroyed  after  3 monutes  expos- 
ure to  UV. 

Lactobacillus  - popialations  of  this  organism  were  reduced  by  UV. 
Proteus  - Three  minute;  exposiu'e  killed  most  cells,  older  cells 
more  susceptible.  Neon  light  was  not  effective  in  destroying 
them  or  was  10,000  volts  during  a 30  minute  period. 


Serratla  - Tills  organism  was  quite  readily  destroyed  by  UV,  In 


40  seconds  to  5-15  minutes  all  cells  killed.  10,000  volts  des- 
troyed the  organism,  in  1 hour. 

Azotobacter  - Ll^t  from  sun  destroys  the  organism  in  the  upper 
layers  of  the  soil, 

Leptospira  - Exposed  to  sun,  it  siucvlved  for  7 days. 

Pasteurella  - The  plague  organism  was  destroyed  in  tropical  sxm- 
light  at  40  G.  in  5 minutes. 

Treponema  - Diffuse  sunlight  killed  the  organism  in  11^  hours. 
^Mycobacterium  tuberculosis  (Table  R 9)  Reports  reveal  this  organism 
to  be  more  resistant  than  Bacillus  spores.  Various  times  are  given 
for  kill,  from  3 minutes  to  40  minutes.  In  daylight,  killing  is  in 
2-5  hoiirs  in  direct  sunlight  and  6-8  days  in  diffuse  light.  X-ray 
may  destroy  in  64  hours.  TUtr.asonie  at  320  kc  76^  in  75  min. 

•WJelsseria  (Table  R 10)  IT7  at  2800-2540  kills.  The  meningococcus 
exposed  to  daylight  is  killed  in  2 hours.  When  sunlight  passes  through 
gauze,  30  hour  survival  is  obtained  and  6-7  days  when  daylight  diffuses 
through  towelling  and  wool.  In  the  dark,  the  organism  survives  7-10 
days  at  25  C. 

^»P^otozoa  and  Metazoa  (Table  R 11) 

Amoeba  - Short  exposure  to  UV  destroys, 

Paramecium  - Short  exposure  to  UV  destroys, 

Necator  - Exposed  to  light,  1 week  stirvlval  is  found  but  5^  weeks 
Jn  partial  shade  and  7-9  weeks  in  dense  shade,  under  varying 
conditions  of  sun  and  water,  survival  of  1 week  to  6 weeks  were 
found.  In  drying  soil,  5,  10  and  over  30  day  survival  was  fotuid 
in  increasing  shade.  In  fecal  material  in  direct  sun  siu?vival 
over  2 hours  was  observed. 

^•pseudomonas  (Table  R 12)  Variable  results  with  UV  are  reported 


against  this  organism,  Bie  flourescent  strains  are  more  resistant. 

In  siinlight,  the  organisms  may  survive  for  hours  at  44  C.  Neon  ^ 
does  not  destroy  easily.  X-ray  at  1000-1200  r kills  63jJ,.  E::posed 
to  radium,  the  organism  does  not  grow, 

*Salmonella  (Table  R 13)  UV  at  various  wavelengths  and  intensities 

is  active  against  Salmonella  after  a brief  exposure.  Some  214  erg/mm2 

0 

at  2537  A reduced  population  90jf,  Simlight  is  effective  against  the 
organisms  in  thin  layers  of  water.  In  glass  tubes,  cultures  may  sur- 
vive 1 year  exposed  to  diffuse  light*  In  direct  sun,  agar  cultures 
are  destroyed  in  10-60  minutes  to  4-10  hoxirs , Neon  was  not  effective 
against  the  organisms.  X-ray  did  not  affect  in  i hour  exposure,  10,000 
volts  destroyed  cultures  in  1 hoxir.  Radium  prevented  growth  of  the 
organisms , 

■HShigclla  (Table  H 14)  UV"  between  2800-2640  A killed  the  cells 
quickly.  Some  168  erg/mmS  at  2537  A,  reduced  population  90^,  In  sun- 
light, these  organisms  were  killed  in  less  than  30-60  minutes  in  strong 
light,  in  diffuse  light  cultures  in  tubes  lived  for  75-1049  days. 
Ultrasonic  at  680  kc  and  320  kc  reduced  numbers  8B^  in  30  minutes. 

Neon  light  was  not  effective, 

^Streptococcus  (Table  R 15)  Exposed  to  UV,  Streptococci  are  reduced 

„ a 

90f,  by  200  ergs/nn>2  at  2537  A,  Air  irradiation  destroys  these  as 
air  borne  infecting  organisms.  Some  reports  suggest  them  to  be  more 
susceptible  than  spores  and  tuberculosis  orgaitLsms,  Sunlight  des- 
troys the  organisms  in  40  minutes . to  4-6  hours , diffuse  sunlight  may 
take  almost  7 days  while  cells  survive  14  days  or  more  in  the  dust 
in  the  dark.  Apparently  larger  strains  are  more  resistant  to  light* 
Tropical  sun  at  49-50  C,  destroys  in  15-30  minutes.  Neon  light  was 
effective.  Organisms  exposed  to  10,000  volts  were  destroyed  in  1 ] 

hour. 
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•«VlbrlQ  (Table  R 16)  T3V  is  reported  as  very  effective  against  the 


cholera  organisms  in  culture  and  water*  Sealed  cultures  exposed  to 
sunlight  were  killed  in  3 days  while  the  cultures  lived  1044  days  in 
the  dark.  Diffuse  light  exposure  allowed  survival  for  279  days.  In 
sea  water  the  organisms  lived  for  8 hours,  exposed  to  the  sunli^t. 

The  temperature  affected  recovery  slightly  when  at  49  C,  as  compared 
to  18-30  C.  Polarized  li^t  at  24  C.  did  not  affect  for  13-30  hours. 
Radium  prevented  growth  of  the  organisms, 

■9»Vlruses  (Table  R 17) 

Poliomyelitis  - UV  destroys  in  30  minutes  to  60  minutes  usually, 
or  shorter  time,  depending  on  distance  of  source.  Direct  sun 
kills  within  30  minutes.  Ultrasonic  does  not  destroy  rapidly 
but  high  speed  electrons  inactivate  the  virus. 

Influenza  - Survives  UV  better  than  many  bacteria. 

Vaccinia  - 40  ergs  at  2537  A destroys  while  light  plus  chemicals 
destroys  rapidly. 

Herpes  - Survives  from  less  than  15  minutes  to  40  minutes  ex- 
posure to  UV. 

Encephalomyelitis  - Survives  only  40  minutes  exposure  to  UV. 

Tobacco  Mosaic  - UV  inactivates  this  virus  over  a range  of  3100- 
2652  A, 

African  Horse-sickness  - The  virus  is  Inactivated  by  UV. 

Measles,  chicken  pox,  mumps  - All  are  susceptible  to  UV  radiation. 
Foot  and  Mouth  - Intense  simlight  exposure  destroys  organism  in 
1 hour  when  dried.  Diffuse  sunlight  is  resisted  for  over  1 hour. 
'^^Yeasts.  Molds  and  Fungi  (Table  R 18)  UV  radiation  is  effective  against 
yeasts  and  molds  when  exposed  at  different  wavelengths  and  amounts  of 
energy.  Older  organisms  are  less  resistant, in  some  experiments  dark 
color  of  some  protect  against  UV.  Sunlight  destroys  in  long  periods 


of  exposiire.  Ultrasonic  reduces  population  at  680  kc  to  15^  in  30 
minutes.  Electron  bombardment  is  resisted  under  certain  conditions  but 
10,000  volts  destroy  in  1 hour. 
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SDR7T7AL  OF  ORGANISMS  IN  SOIL 


!flie  importance  of  potentially  pathogenic  organisms  in  soil  has 
been  recognized.  Some  of  the  Clostridia  may  cause  gas  gangrene  or 
tetanus  iflien  soil  gets  into  wo\mds.  Some  intestinal  pathogens  such 
as  the  organisms  of  typhoid  and  dysentery  may  get  Into  the  soil  in 
excreta  to  contaminate  foodstuffs.  Certain  of  the  protozoa  and 
worms  survive  for  considerable  lengths  of  time  or  may  live  part  of 
their  life  cycle  in  the  soil  entering  the  body  through  foods  and 
sometimes  through  the  intact  skin.  She  organism  of  anthrax  may 
survive  in  soil  for  long  periods  in  the  spore  stage.  Animals  graz- 
ing in  this  area  may  contact  the  disease  and  die.  Some  areas  are 
so  Contaminated  that  they  are  restricted  so  cattle  may  not  graze  on 
them,  other  disease  producing  organisms  might  enter  the  soil  from 
hunan  and  animal  exerata  or  carcasses.  She  factors  affecting  the 
survival  of  many  microorganisms  in  the  soil  ml^t  be  grouped  as  to 
(1)  soil  factors  (8)  organism  factors. 

Soil  Factors  Affecting: 

In  general,  the  factors  affecting  the  survival  of  any  organism 
in  soil  would  be  (1)  the  general  type  or  nature  of  the  soil  under 
study,  whether  sand,  clay,  loam  or  mud;  (8)  the  amoiait  of  organic 
matter  present  or  added  with  the  organisms;  (3)  the  amount  of 
moisture  in  the  soil;  (4)  the  firmness  or  looseness  of  the  soil; 

(5)  the  pH;  (6)  the  presence  or  absence  of  antagonistic  organisms; 

(7)  the  depth  of  the  organism  in  the  soil;  (8)  the  temperature  of 
the  soil  and  air;  (9)  the  relative  humidity  (RH)  of  the  air;  (10)  the 
eunount  and  duration  of  radiation  from  the  sun. 
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Organism  Factors  Affecting* 

A particvilar  organism  may  survive  in  soil  for  varying  periods 
depending  up  (1)  the  Inherent  resistance  of  the  genus  and  species 
of  organism  under  study j (8)  the  particular  strain  of  organism;  (3) 
the  presence  of  a protective  stage  of  the  organism  such  as  a spore; 
(4)  the  presence  of  a protective  covering  on  the  cell,  such  as  a 
capsule;  (5)  the  age  (in  the  growth  curve)  of  the  inoculum;  (6)  the 
numbers  of  organisms  inoculated  and  (7)  the  ability  of  the  organism 
to  multiply  in  the  soil  “under  the  conditions  presented. 


(80  8) 


SUUUARY 


^Bacillus  species  (Table  SI)  B*  anthraela  may  suirvive  in  spore  stage 
in  soil  where  carcasses  buried  for  15-20  years*  Other  data  suggest 
12  years  in  surface  soil  and  shorter  periods  in  exposed  places. 

Other  Bacillus  species  survive  for  over  80  days  in  mud  and  other 
soils  and  may  be  present  in  500-600  meter  deep  soil. 

■tfrBrucella  species  (Table  8 2)  in  sand  the  organisms  live  for  about 
120  days.  In  dirt  dried  rapidly  it  lives  less  than  4 days  but  up  to 
66  days  in  moist  dirt.  Viability  of  1-10  weeks  is  reported  in  various 
soil  samples.  It  is  suggested  that  on  pasture  cover  the  cells  do  not 
survive  long  even  though  excreted  in  large  numbers. 

»Clostridixna  species  (Table  S3)  The  organisms  of  tetanus,  botulism 
and  gas  gangrene  are  fairly  permanent  residents  of  the  various  types 
of  s oils . 

wCollforma  (Table  S 4)  g#  coll  exists  in  loam  for  weeks  to  months  and 
even  to  4 years  if  moist;  if  dry,  only  11-25  day  survival  results.  In 
sand  and  mud  11  week  viability  is  reported.  E.  coli  usually  absent 
from  virgin  soil  irtille  A.  aero  genes  usually  present.  Survival  of 
Aero bac ter  in  soil  is  for  many  months  up  to  almost  4 years. 
»Corynebacterltnn  diphtherlae  (Table  8 5)  In  dried  sand  at  37  C.  via- 
ble cells  were  present  for  almost  30-50  days  while  in  sand  alone  98  to 
175  day  recovery  was  found.  In  soil,  98-208  day  survival  was  found 
but  in  dried  soil  less  than  25-35  day  recovery  was  obtained. 

»Fungl,  Yeasts  and  Molds  (Table  86)  A large  part  of  the  microbial 
flora  is  made  up  of  Actinomyces  and  fungi  besides  the  bacterial  popu- 
lation, Actinomyces  did  not  live  well  in  acid  peat  soil.  Malleomyces 
(not  a f^ulgus  but  of  the  Parvobacterioceae)  survives  in  pastures  up  to 
1 year  mking  them  unsafe  • Actinomyces  bovls  is  more  or  less  a perma- 


nent organism  in  soil.  Radiation  from  sun  lowers  the  soil  flora  at 
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sxirface  level.  Yeasts  may  live  in  soil  for  long  periods  in  winter 
months  • 

<tMlcro organisms  (Table  S 7 ) 

ApjrobaGterltun  - In  clay  and  loam  viability  over  500  days  and  in 
sand  for  over  600  days  was  reported. 

Pasteurella  tiAlarensis  - In  muds  both  contaminated  and  uncontami- 
nated the  organism  was  present  for  18  weeks. 

Diulococous  pneumoniae  - Dried  ciilture  in  sand  lived  for  8 days 
and  in  volcanic  ash  for  6 days. 

Vibrio  comma  - This  organism  was  able  to  survive  for  1-2  days  in 
soil  without  moisture  but  for  more  than  33-66  days  in  moist  soil. 

On  sand  4 day  to  over  174  day  viability  is  given. 

Leptospira  - In  polluted  soil  3 day  survival  is  found.  It  may 
live  for  months  on  wet  ground  and  high  humidity  in  air. 

Aptobacter  - Large  numbors  in  rich  soil,  few  in  acid  nr  sunlit 
soils,  many  in  dark  sun-protected  soil.  Pure  culture  in  soil 
lived  for  40-86  days  or  more. 

Pseudomonas  - Survival  of  45  days  in  soil  was  observed. 
■Wlcroorganisms  fSeneral^  (Table  8 8)  Various  factors  of  temperature, 
pH»  fertility,  molstiire  and  radiation  are  presented  for  legume  bacteria, 
lactic  acid  bacteria,  nitrifying  bacteria,  sulfur  and  iron  bacteria, 
aerobes  and  anaerobes. 

tuberculosis  (Table  8 9)  In  soil  from  fecal  material, 
the  organisms  may  live  for  2-6  months  and  even  a year  exposed  to  all 
types  of  weather  conditions.  Animals  were  infected  from  the  soil  in 
this  manner. 

wprotozoa  and  Metazoa  (Table  S 10) 

Ascaris  - On  soil  surfaces  for  2 months  to  160  days  in  summer,  for 

150-180  days  in  winter,  are  examples  of  soil  survival.  Foiand  on 

vegetation  ^ere  soils  manured  with  human  feces. 
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Necator  - Survival  In  soil  for  9-16  days  is  routine,  some  larvae 


live  for  7-9  weeks  in  shade  or  even  for  84  days.  Sun,  temperature 
and  moisture  affect  survival. 

Trlchirrls  - m shaded  soil  viability  for  at  least  36  days  has  been 
observed. 

Entamoeba  - Cysts  may  remain  alive  for  4-8  days  in  soil  at  room 
or  lower  temperatures.  Vegetation  manured  with  human  feces  was 
found  to  contain  cysts. 

Bimeria  - Oocysts  remain  viable  for  periods  of  less  than  1 year  in 
soil  in  sun  or  in  shade. 

Sheep  Nematodes  - Viability  of  3 months  is  reported  in  pasture  soil. 
Toxacara  canis  - ihe  parasite  remains  over  winter  in  sell  under 
snow. 

-BSalmonella  species  (Table  S 11)  In  dry  clay  3 week  survival  and  6 
week  in  wet  clay  was  found.  Similar  results  Trtth  loam  for  rainy  wea- 
ther survival  of  120  days  as  compared  to  49  days  in  plain  loam.  In 
mud  survival  of  5 weeks  to  2 months  was  recorded,  m peat,  1 day  to 
30  day  recovery  depending  on  pH,  moisture  and  temperature  were  the 
findings.  In  sand,  6 day  survival  with  sewage  inoculum  was  obseived 
but  with  sterile  sand  then  dried,  82  day  recovery  was  found.  Variable 
results  in  soil  depending  on  type  of  soil,  moisture  and  temperature 
were  reported  with  survivals  ranging  from  a week  to  over  16  months. 
Vegetables  were  found  contaminated  from  human  fecal  manure  for  at 
least  7 days. 

■■ehigella  species  (Table  S 12)  The  few  reports  sviggest  survival  of 
12  days  on  sand,  over  100  days  at  temperatures  of  1-15  C.  and  in  dry 
soil  at  12-30  days  while  wet  soil  provided  40-90  day  survival.  Cki 
vegetables  in  soil,  7 day  survival  was  recorded. 

etfltreptococcus  species  (Table  S 13)  These  organisms  live  for  periods 

of  26  days  to  11  weeks  in  loam  and  mud.  On  sand,  viable  cells  were 
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recovered  after  33-66  days.  With  chicken  manure  on  soil  160  day  re- 
covery 'vias  observed* 

<»Vlru3ea  (Table  S 14) 

Foot  and  Mouth  - m sand  at  room  temperatures  and  50^  humidity 
the  virus  survived  for  14  days* 

Newcastle  - At  body  temperature  and  pHi  25  day  viability  was  ob- 
served; at  3-6  C*  235  day  survival  and  at  -26  C*  538  day  survi- 
vals were  found.  In  chicken  pen  soil,  1 month  viability  was 
observed. 

Bacteriophage  - Typhoid  phage  was  found  in  soil  at  3 foot  depth* 


teraperatitre  changes;  the  humidity  of  the  air  will  determine  the  rate 
of  desiccation.  Some  organisms  are  killed  rapidly  by  drying;  others 
survive  better  in  the  dry  state.  Bie  rate  of  drying  is  important  in  § 
killing  some  organisms.  If  a surface  provides  protection  from 
radiation,  rain,  wind  and  other  elements  then  sui*vival  will  be  longer. 

Organism  Factors  Affecting; 

As  under  other  clrctimstances  there  are  a number  of  qualities 
,ln  a particular  organism  which  make  it  more  or  less  resistant  and 
allow  it  to  survive  for  longer  or  shorter  periods.  The  strain  of 
organism  as  well  as  the  genus  and  species  is  important  since  there 
are  inherent  properties  of  the  cells  which  determine  their  ability 
to  survive  or  persist  in  nature.  The  presence  of  a spore  stage  or 
a capsule  protect  certain  organisms.  Others  apparently  have  resis- 
tant cell  walls  which  protect  against  drying  and  destruction  by 
other  factors.  The  age  of  the  cell  at  time  of  inoculation  is 
important  - if  the  cells  are  from  old  cultures,  then  they  are  more 
easily  destroyed.  Of  great  Importance  also  are  the  numbers  of  cells 
placed  on  surfaces  and  the  amount  of  organic  matter  in  rtilch  the 
organisms  are  suspended.  Organic  matter  buffers  against  pH  and 
other  chemical  changes  as  well  as  protecting  against  heat,  desicca- 
tion and  other  forces  of  nature.  Natural  secretions  such  as  sputum 
and  feces  provide  some  protection  to  organisms. 
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ff'  ^Baclll-us  (Table  su  Ij  Bacillus  anthracls  because  of  its  spore  stage 
is  able  to  exist  for  long  periods.  On  fabrics  such  as  canvas  exposed 
to  room  temperature,  low  humidity  and  diffuse  sunlight,  the  spores  lived 
for  10-22-1  years;  enclosed  in  envelopes  survival  of  over  34  years  on 
CEoivas  tmd  in  blood  on  gauze  40  year  viability  was  reported.  On  glass 
or  porcelain^ survival  of  a few  days  to  2 years  was  found.  On  paper 
exposed  to  sun,  8 hour  survival  was  found.  Long  survival  in  brushes  of 
animal  bristles  was  found.  Other  Bacillus  species  survived  for  long 
periods  on  fabrics,  glass,  metals  and  plastics. 

<»Brucella  (Table  Su  2)  In  dust, the  Brucella  lived  for  20  days  to  6 
weeks,  on  fabrics  such  as  bags  and  sacks^  5 days  to  30  days  have  been 
observed  as  survival  times.  On  glass, some  survival  for  several  days 
has  been  noted. 

■»»Clostrldium  (Table  su  3)  On  fabrics^  these  sporeformers  may  live  for 
at  least  3^  months.  _C1.  tetanl  on  glass  lived  for  18  years  as  it  did 
also  on  rusty  metal.  Tetanus  spores  may  exist  in  wounds  for  6 months 
and  in  talc  throu^  autoclaving  procedures.  sporogenes  remained 
viable  on  sutures  in  alcohol  or  toluol  for  over  17  days. 

^Conforms  (Table  Su  4)  Cult-ures  on  cotton  swabs  survived  for  8-48 
hours,  Vttien  dried  on  glass  or  in  high  humidity , survival  of  22-98 
days  is  reported.  If  exposed  to  sunlight  v/hen  on  glass,  the  cells  are 
killed  in  a few  minutes.  On  pa pej^  survivals  vary  as  to  method  of 
drying.  Survivals  on  paper  are  given  as  1 day  to  143  days.  Exposed 
to  the  sun^ survivals  of  2-10  minutes  were  observed.  E.  coll  lived 
for  84-168  days  in  plaster.  On  utensils,  conforms  are  frequently 
found.  On  wood^ conforms  exist  for  extended  periods  of  a few  days  to 
228  days.  Conforms  also  found  on  metal  doorknobs,  water  filters  and 
in  grease  of  water  pumps. 
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^t'CoPsnie bacterium  (Table  Su  5)  The  diphtheria  organism  has  been  found 
in  dust  for  a few  days  to  175  days#  On  fabrics, survival  of  2 weeks 
to  20  weeks  has  been  observed,  with  the  variations  due  to  drying  pro- 
cedures, the  number  of  organisms,  and  the  type  of  fabric  and  amount  of 
organic  material.  On  glass,  survival  of  1-2  days  to  over  98  days  was 
listed.  Exposed  to  sunlight,  death  occurs  In  2 minutes.  On  paper,  6 
to  159  day  viability  occurred  but  exposed  to  sunlight,  the  cells  were 
killed  In  2-10  minutes.  On  plaster,  viability  of  37  to  75  days  was 
found  and  on  utensils  such  as  knives,  the  diphtheria  organism  lived  for 
86  days.  On  wood,  7-8  day  persistence  was  reported. 

^Dlplococous  pneumoniae  (Table  Su  6)  2he  organisms  may  live  in  dust 
for  2-8  days  and  on  fabrics  for  extended  periods  of  2-13  months#  On 
cotton  swabs,  c;iltures  kept  viable  for  8-48  hours.  On  glass,  the 
pn^iurao cocci  kept  alive  for  2-12  months,  2 wonUis  at  SO  p.  and  12  months 
at  40  F# 

<»Mlcrococcus  (Table  su  7)  3hese  organisms  live  for  long  periods  on 
surfaces.  On  fabrics,  such  as  handkerchiefs,  the  organisms  are  viable 
for  a month  or  more.  On  glass,  the  cultures  may  remain  alive  when 
dried  for  from  8-10  days  to  90  days  at  16-18  C.  When  lower  temperatures 
were  studied  (-195  C.),  4-15  week  survival  was  reported.  At  37  C. 
viability  was  limited  to  almost  a week.  In  sunlight,  the  organism 
might  survive  10-90  minutes.  Organisms  dried  on  paper  survived  51- 

70  days  under  optimum  conditions^ but  in  sunll^t  they  survived  up  to 

71  hours.  On  plaster,  persistence  of  38  to  100  days  at  room  tempera- 
tures was  found.  Organisms  on  rubber  were  easily  removed.  On  uten- 
sils, short-term  viability  was  reported  using  cleansing  methods.  On 
knives,  viability  of  86  days  was  fottid.  Oult\a*es  inoculated  oii  to 
wood  samples  lived  35-130  days.  Micrococcus  species  on  tinfoil  were 
reduced  readily  by  washing  off  and  by  W.  The  organisms  were  found 

on  telephones  and  doorknobs  consistently. 
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’UMlcroorgaiijLsms  (Table  Su  8) 

Proteus  - Survive  in  dust  for  2-19  days,  on  moist  culture  swabs 
for  2-48  hours,  on  blankets  for  over  81  days,  on  paper  for  11-20 
days, 

Rickettsia  - Survives  on  laundry  to  cause  infection.  On  paper, 
viability  of  21  days  has  been  recorded. 

Tre ponema -Lives  on  cloth  at  21-25  C.  in  diffuse  light  for  11-|- 
hours.  On  glass  in  sun,  2 minute  survival  but  may  live  in  dark 
for  several  days.  On  paper  money,  4 hour  viability  was  shown. 

On  dishes  2-8  day  siirvival  was  found. 

Vibrio  - Survives  on  dried  threads  for  30  days  to  7 months;  the  same 
is  true  on  do  tiling.  Culture  swabs  do  not  stay  viable  for  8 
hours  with  few  exceptions. 

Pseudomonas  - Or.  glass  in  sunlight,  2 minute  viability  was  found 
but  over  7 month  viability  has  been  found  on  occasion, 

Sarolna  - TOien  dried  on  glass  in  sun  or  not  survival  of  25-60 
minutes  has  been  found. 

Bacterium  linens  - On  filter  paper  survival  of  90  days  is  reported. 
Trichomonas  - On  an  enamel  paint  surfaces  viability  of  less  than 
7 hours  was  found, 

Aloallgenes  - Were  found  on  telephones. 

Hemophilus  - On  cotton  culture  swabs  lived  8-48  hours  at  16-22  C, 
<qiicroorganism5  (General)  (Table  Su  9) 

Dust  - Organisms  survive  in  and  on  dust  particles  and  are  air- 
borne with  dust. 

Fabrics  - Oiled  fabrics  contdn  fewer  organisms,  organisms  may 
survive  in  towels  for  at  least  24  hours  and  on  blankets  for  6 
months . 

Glass  - Organisms  are  killed  easier  on  smooth  surfaces  and  *than 

on  cloth  or  paper  or  agar  surfaces.  Temperature  Increases  and 
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humidity  decreases  give  lower  survival.  Survival  of  8 days  to 
months  on  glass  is  reported.  Drinking  glass  samples  may  have 
millions  of  organisms  on  them. 

Metals  - These  surfaces  have  antibacterial  and  antiviral  activity, 
especially  silver  and  copper, 

paper  - Organisms  may  live  for  long  periods  when  dried  on  paper. 
ffood  - Various  types  have  been  tested,  some  allow  survival  longer 
than  others. 

^Mycobacterium  tuberculosis  (Table  Su  10)  Dust  may  contain  viable 
organisms  for  days  to  weeks  depending  on  amount  of  sun— two  days  in 
direct  sun  and  5 days  in  diffuse  light  have  reported.  Organisms  have 
been  found  on  fabrics  (clothes  and  l-xanlrerchlef s ) for  18-30  hours  up 
to  39-70  days  and  possibly  110  days.  When  dried  on  glass,  organism 
wl.ll  live  for  4 months.  On  paper  or  books  live  organism  may  live  only 
a few  hotirs  but  reports  suggest  over  35  days  or  up  to  months  in 

sputum  dried  on  books.  A number  of  general  reports  show  survival  de- 
creased by  sxuillght  but  siorvlvals  of  309  days  listed  for  dark  areas 
or  74-100  days  exposed  to  electric  lii^bt. 

<»Nelsseria  (Table  Su  11)  These  organisms  are  usually  low  in  survival 
rate.  On  fabrics,  5 minutes  to  24  hour  viability  is  shown  for  the 
gonococcus  and  up  to  7 days  for  the  meningococcus.  On  glass,  a few 
hours  of  survival  is  usual  but  with  dried  blood  up  to  45  day  siurvival 
has  been  found  v/ith  the  meningococcus.  The  g c organism  lives  only 
2-5  hours  on  glass  covered  from  the  sun.  On  wood,  dried  films  live 
for  a few  hours  exposed  to  sun  but  unexposed  the  meningococcus  exists 
for  8 days.  Other  studies  suggest  a few  hours  on  metal  and  for 
several  weeks  on  other  surfaces, 

^Pastetirella  (Table  Su  12)  Studies  of  the  plague  organism  suggest 


survival  on  fabrics  is  of  short  duration,  on  glass  for  3 hours  to 


6-9  days  \dien  organic  matter  \ms  present  and  on  paper  survival  of  3 to 
8 days  with  better  survival  at  higher  humidities.  On  filter  paper  the 
tularemia  organism  lived  for  EO  days  at  SO  C.  in  feces.  On  plaster 
the  plague  organism  was  viable  for  5-11  days.  On  various  wood  samples, 
survival  at  different  humidities  was  from  1 hour  on  moist  pine  to  36 
days  but  survival  of  S-3  months  at  37  C.  may  be  obtained  and  860  days 
at  85  C.  when  unexposed  to  the  sun. 

^Salmonella  (Table  Su  13)  Studies  with  these  organisms  in  dust  gave 
sxorvivals  of  SO  to  130  days  under  varying  temperature  and  humidity  con- 
ditions. On  fabrics,  viability  on  towels  was  for  8 days,  on  cotton 
culture  swabs  for  at  least  1-8  days,  on  cotton  linen  and  woolen  cloth 
for  60-150  days  or  even  longer.  On  glass  and  porcelain,  survival  of 
8-4  days  was  found  as  minimum  time  but  for  34-44  days  when  dried 
under  optimum  conditions  of  temperature,  humidity  and  with  protein 
organic  material  for  protection.  On  paper,  survivals  of  5-10  days 
are  given  as  low  recovery  fig\ires  with  survival  in  fecal  material 
on  paper  for  55-137  days  for  typhosa  and  840-481  days  for  _S.  para- 

typhi. On  plaster,  the  typhoid  organism  may  live  83-101  days.  On 
various  wood  samples  at  16-18  C.,  viability  of  9 to  119  days  was  re- 
ported with  pine  wood  giving  poor  results  and  lime  wood,  long  via- 
bility. Ihe  Salmonella  have  been  found  to  survive  well  on  bread 
surfaces  and  on  metals  such  as  iron,  copper  and  tin  for  80-30  days. 
sfSerratla  marcescens  (Table  Su  14)  This  organism  is  used  frequently 
as  an  indicator  organism  for  air,  water  and  surface  studies  because 
of  its  distinctive  colony  color.  Studies  on  fabrics  were  made  with 
exposure  to  ozone  with  95jJ  killed  in  45  minutes  at  81  c.,  89jS  RH 
and  .06  ppm.  ozone.  Studies  on  glass  gave  similar  results.  Recovery 
in  8 minutes  was  obtained  in  sunlight.  On  paper  short  term  survival 
was  obtained  exposed  to  ozone  and  to  sunlight  (8-80  minutes). 


»Slilgella  (Table  Su  15)  The  Shiga  organism  was  found  in  dust  over  a 


10  day  period.  Various  fabrics  were  studied  for  survival  of  dysentery 
organisms  with  data  suggesting  4-150  days  depending  on  temperature  and 
light.  At  room  temperature  in  the  dark,  150  day  survival  was  foiind, 
vdille  at  37  C.  only  11  day  persistence  was  shown.  The  Shiga  organism 
does  not  live  as  long  on  the  Plexner  bacillus,  which  is  more  frail 
than  the  S.  sonnei . On  paper,  survival  from  4-9  days  to  270  days  is 
recorded.  Sunlight  destroyed  in  5 minutes.  At  38  C.  only  the 
survival  time  tiian  at  17-20  C.  \tien  dried  on  v^ood,  organisms  lived 
for  4-9  days  at  17-20  C.,  which  was  2-5  times  longer  than  at  38  C. 
These  organisms  7/ere  able  to  exist  for  30  ho\ors  to  2 months  on  bread 
crusts . 

»StreptocoGcu3  (Table  Su  16)  Many  studies  have  been  carried  out  on 
streptococcus  survival  under  natural  conditions  in  dust,  air  and  on 
surfaces.  Studies  on  dust  indicated  streptococci  woxild  live  4-85 
and  44  days.  On  fabrics,  such  as  cotton,  blankets,  bedding,  linen 
and  towelling,  the  organisms  survived  for  2 days  to  over  4 months. 

011  on  bedding  lowered  air  count  and  blanket  counts  of  streptococci. 
Organisms  on  glass  and  dishes  lived  for  about  14  days.  'When  exposed 
to  ozone  a large  per  cent  were  killed  on  glass  and  paper.  One  report 
suggests  44  day  viability  when  dried  on  paper.  Some  studies  were 
carried  out  on  rubber  and  on  telephones  and  metal. 

^Viruses  (Table  Su  17) 

Foot  and  mouth  - Dust  allowed  survival  at  62  F.  and  52^  RH  for 

11  days.  On  glass,  exposed  to  sun,  1 hour  viability  ttes  found 

but  when  dried  in  dark  it  remained  for  10  days  in  one  case  and 

2 years  in  another.  On  paper,  it  remained  active  for  2 days. 

In  nature  the  virus  remains  infective  up  to  345  days. 

Influenza  - The  virus  may  survive  in  dust  for  at  least  a week 

and  probably  up  to  3 weeks.  On  fabrics  such  as  blankets,  the 
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virus  survives  at  37  C.  for  less  than  a day  but  over  3 days  at 
22  c.  If  dried  in  saliva  on  blanket,  viability  of  over  1 month 
has  been  found.  Similarly,  on  glass,  1 week  at  37  C.  and  over 
1 month  at  22  C.  When  dried  on  rubber,  it  remained  active  only 
40  minutes.  When  dried  with  mucin,  the  virus  v;as  active  for  45 
days  but  less  than  22  days  in  talc, 

Newcastle  - This  virus  survived  over  50  days  on  biirlap  sacks  at 
high  and  low  temperatures,  even  when  exposed  to  mercurials.  At 
11-36  C.,  538  days  of  viability  were  observed.  On  glass  at  low 
temperatures,  it  remained  active  for  months.  On  paper,  the  stir- 
vival  was  similar  to  burlap. 

Smallpox  - Vesicle  fluids  on  glass  remained  active  in  dry  state 
for  84  days  in  dark  and  35  days  in  dayll^t.  Other  reports  stag- 
gest  that  smallpox  crusts  remain  viable  for  many  years, 

Tobacco  mosaic  - On  cured  tobacco  leaves,  this  virus  remained 
active  31  years. 

Swine  Fever  - The  virus  apparently  was  able  to  withstand  high 
temperatures  when  on  bricks  or  hay  but  was  readily  destroyed 
by  chemicals, 

jgyeasts.  Molds  and  Fungi  (Table  su  18)  These  microorganisms  remain 
active  in  dust  for  long  periods  and  may  be  carried  by  dust  in  air, 
Trlcophyton  - The  dermatophytes  survived  on  cloth  for  several 
months  and  on  occasion  up  to  346  days.  On  paper,  viability  of 
102-346  days  was  observed. 

Micro sporum  - On  fabrics  such  as  wool  or  cotton  for  78-235  days 
and  on  hair  for  420  days. 

Molds  - These  microorganisms  on  cardboard  exposed  to  uv  lived 
for  long  periods.  They  are  found  on  many  surfaces  and  even 
telephone  receivers. 


Yeasts  - !Biey  are  found  on  various  surfaces* 


Fungi  - Large  numbers  found  in  dust,  on  paper,  wood  and  surfaces 
such  as  telephones* 
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SURVIVAL,  . OP  ORGANISMS  IN  WATER 

Tfeter  has  been  knomi  for  a long  time  as  a vehicle  for  trans- 
mission of  various  Intestinal  disease-producing  organisms.  Water 
may  harbor  other  pathogenic  or  saprophytic  organisms  as  well.  It 
Is  of  importance  to  study  the  effect  of  certain  factors  on  the 
survival  of  organisms, 

nie  general  factors  affecting  survival  may  be  listed  as  follows: 
water  Factors  Affecting: 

The  general  natiire  of  the  water  Is  important  whether  it  Is 
sea,  lake,  stream  or  well  water,  as  well  as  the  degree  of  pollution. 
The  concentrations  of  salts  will  affect  survival  and  also  the 
organic  content  plajean  Important  role,  Ihe  salts  may  be  toxic 
while  the  organic  matter  supplies  protection  as  well  as  possible 
nutrients  for  growth*  Ihe  presence  of  other*  antagonistic  orgaoisaia 
such  as  bacteria,  algae  or  phage  may  be  Important,  The  presence 
of  toxic  chemicals  of  Industrial  or  humEvn  addition  such  as  clilorlne 
or  sxalfltes  affect  stirvlval  adversely.  The  depttt  and  turbidity  of 
the  water  affect  the  amoxmt  of  light  and  other  radiation  coming  In 
contact  with  the  cells.  The  temperature  of  the  water  affects  the 
rate  of  survival  as  well  as  ability  of  organisms  to  grow.  Low 
temperatures  give  longer  survival,  plowing  water  In  nature  may 
dilute  out  occasional  contamination, 

organism  Factors  Affecting: 

The  type  of  organism  being  studied  Is  of  importance  In  the 
length  of  survival.  While  the  genus  and  species  of  organism  Is 
Important,  also  the  strain  under  study  determines  to  a certain 
extent  the  persistence  of  the  organism.  The  presence  of  a spore 
stage  of  the  organism  or  a protective  capsule  will  aid  a particu- 
lar organism  to  survive,  The  total  niuaber  of  organisms  Inoculated 
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is  of  great  significance  in  length  of  survival  as  well  as  the  age  of 
the  cell  (of  growth  curve)  when  inoculated.  Some  organisms  have  the 
ability  of  growing  vdien  only  a few  salts  are  present  In  the  water. 
The  pathogens  usually  require  more  complex  media.  A few  can  grow 
on  the  organic  matter  of  polluted  waters  depending  upon  the  tempera- 
ture. Some  pathogens  may  grow  over  a range  of  15-40  C.  Organic 
matter  may  also  protect  cells  from  destruction  even  if  they  do  not 
provide  nutrients.  Selection  of  resistant  strains  may  provide 
greater  survival  of  the  organism  under  certain  conditions  to  which 
they  are  exposed.  An  organism  selected  for  resistance  to  Increased 
temperature  In  water  may  not  show  Increased  resistance  to  some 
chemicals  in  water,  but  does  to  some  chemicals. 


(W  2) 


SUMMARY 


^Bacillus  anthracls  (Table  W 1)  In  natural  water^ survival  is  of  long 
d\aration.  Organisms  have  lasted  up  to  IS  years  in  lake  water,  and 
have  been  found  viable  in  rivers  and  stagnant  pools.  Under  laboratory 
conditions,  survival  of  18-|  years  has  been  reported.  In  general, 
survival  was  better  at  room  than  at  body  temperature  in  either  tap  or 
sterile  water.  At  low  temperat'ures , around  10  C.^ survival  was  usually 
about  3 days.  In  distilled  water,  survival  ranged  from  30  days  to  30 
months.  When  culture  medium  was  added  and  room  temperature  maintained 
survival  was  similar  to  that  in  natural  water.  Survival  was  reported 
up  to  20  months  in  sea  water.  When  cultiire  medium  was  added,  the 
interval  was  much  shorter.  In  sewage^the  organisms  lasted  up  to  16 
months . 

■ii-Bacillus  species  (Table  W 1)  Bacillus  cereus  was  adversely  affected 
by  pH  level  below  7 . Bacillus  megatherium  was  similar  but  less  drasti- 
cally affected,  pH  above  7 likewise  decreased  recovery, 

■^Bacteriophage  (Table  W 2)  The  death  rate  of  E,  coll  phage  in  tap 
water  was  fo\md  to  be  of  the  first  order.  It  was  extremely  suscepti- 
ble to  irradiation  while  in  distilled  water.  In  sea  water^  a small 
percentage  of  organisms  survived  after  30  days.  Survival  in  physio- 
logical saline  was  not  as  g,.od. 

Salmonella  phages  varied  seasonally  in  natviral  waters,  increasing 
in  the  summer  months.  In  sea  water  they  could  be  recovered  up  to  7 days 
after  inoculation.  Survival  in  physiological  saline  was  not  as  good. 

Shigella  phage  survived  in  sea  v/ater  up  to  30  days.  This  was 
longer  than  in  physiological  saline. 

•^Brucella  (Table  W 3)  Brucella  melltensis  and  Brucella  suls  survived 
up  to  10  weeks  in  natural  waters.  Brucella  abortus  in  pasture  water 
survived  between  8 and  30  days.  Bruce3.1a  species  in  general  were 
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sensitive  to  pH  levels  above  8 and  below  6«6. 

■«Clostridi\jm  (Table  W 4)  Clostridium  bot'ulin'uin  was  present  in  ice 
kept  at  -16  C.  for  a month*  It  survived  processing  and  heating  in 
sewage  sludge, 

■^Escherichia  coli  (Table  W 5)  In  well  water, Escherichia  coll  sur- 
vived S-5  months.  In  river  water^it  ms  round  up  to  eighty-seven 
days  after  inoculation.  Cold  temperatures  encouraged  survival  in 
natural  waters.  At  37  C.,  a pH  of  5-6  was  optimum  for  persistence. 
Radiation,  nat^aral  or  artificial  destroyed  the  organisms  in  a few 
seconds.  Stagnant  water  did  not  support  it.  One  report  states  that 
after  80  years  in  mter  stored  in  the  dark,  the  organism  survived. 

Organisms  were  recovered  from  distilled  water,  kept  at  CV-8  C. 
after  16  months.  Increase  in  temperature  restilted  in  a decreased 
survival  rate,  pH  6-8  was  most  favorable  for  survival. 

Ice  was  found  quite  suitable  for  survival  of  B.  coll.  After  163 
days  at  -SO  C.,  organisms  could  be  Isolated,  They  were  more  resistant 
to  freezing  than  to  thawing. 

In  some  cases  E.  coll  could  not  be  isolated  from  sea  water.  When 
organisms  were  inoculated  they  survived  as  long  as  39  days  depending 
on  size  of  inoc\ilum.  Addition  of  culture  medium  lengthened  the 
survival  time. 

Organisms  persisted  in  physiological  saline  for  over  31  months 
at  room  temperature  but  not  as  long  at  37  C.  At  pH  8,  0.145  M NaCl 
allowed  better  siarvival  than  a greater  or  a smaller  molarity  of  Had, 
Low  pH  or  very  high  were  unsuitable  for  sxarvival  at  any  molarity.  In 
sewage,  counts  were  higher  in  the  summer.  The  organism  could  be  iso- 
lated after  65  days. 

«Aerobacter  aerogenes  (Table  W 5)  The  organisms  were  well  preserved 


at  18  C,  in  river  water  for  up  to  73  days.  Lower  or  higher  tempera- 


tiires  were  not  as  effective  in  preserving  the  viahllltyo  Survival  was 
poor  in  raw  river  water.  The  presence  of  E.  coll  had  little  effect 
on  recovery  rate#  Survival  in  sewage  was  similar  to  E.  coll. 
■K-Leptosplra  Icterohaemorrhaglae  (Table  W 6)  This  organism  survived 
in  sterile  or  unsterile  tap  water  up  to  a month  at  neutral  pH.  VIhen 
serum  was  added  to  the  wateri  recovery  was  positive  at  more  than  3 
months.  When  inoculated  into  stagnant  water,  at  pH  7.6  and  tempera- 
ture S5-32  c.,  the  organisms  remained  viable  up  to  115  days.  Likewise 
in  distilled  water,  persistence  viras  fair,  in  sea  water,  poor.  Sewage 
was  more  heavily  infected  during  the  warm  months.  Organisms  survived 
in  feces  and  tap  water  for  55  days. 

<qgetazoa  and  protozoa  (Table  W 7 ) Entamoeba  histolytica  svirvlved  in 
water  at  room  temperature  for  5 weeks.  At  higher  temperatures,  sur- 
vival was  poor.  Ultra  violet  rays  were  quickly  effective  in  killing 
the  organism,  sunlight  more  slowly  so.  m distilled  water  at  12-22  C. 
viability  was  positive  after  153  days.  Entamoeba  coll  survived  even 
longer.  In  sewage,  survival  was  from  a few  days  to  a month. 

Trichomonas  vaginalis  survived  45  minutes.  Ancylostomae  species 
persisted  from  12-18  months.  In  sewage  sludge  they  survived  5 days. 

Hecator  amerloanus  lasted  18  months  at  60  p, 

Glardla  Intestlnalls  survived  over  2 months  in  distilled  water 
at  12-22  C.  At  the  same  temperature  ghillomastlx  mesnlli  survived 
187  days. 

Ascarls  lumbrlcoldes  eggs  survived  151  days  at  103  C. 

Taenia  aaglnata  persisted  in  sewage  sludge  for  6 months. 

Trichui»ls  trlchurla  in  the  same  medium  lasted  22  days. 

Paramecium  did  not  survive  well  in  sewage. 

In  general,  if  protozoa  and  bacteria  were  both  present  there  tended 
to  be  an  increase  in  protozoa,  decrease  in  bacteria. 


■x-Mlerocoocus  species  (Table  W 8)  Survival  of  this  organism  in  water 
for  up  to  six  days  was  usual.  Addition  of  pus  or  culture  medium 
greatly  increased  the  survival  time.  Temperature  range  of  20-35  C. 
had  little  effect  on  survival.  In  distilled  water,  siu?vlval  was  about 
the  same.  The  organism  was  recovered  from  ice  after  66  days.  It 
survived  in  sea  water  up  to  36  days.  In  physiological  salt  solution, 
survival  was  not  quite  as  good. 

Miscellaneous  Micro-o.rga>ilsias  (Table  W 9 & 10) 

Alcallgenes  fecalis  was  found  constantly  in  river  water.  It 
survived  18  days  in  distilled  ivater. 

Corynebacterlum  diphtherias  survived  30  hours  to  3 days  in  sterile 
water,  depending  on  the  temperature. 

Neisseria  gonorrheae  was  viable  for  22  minutes  in  sterile  tap 
water  or  sterile  distilled  water  at  37  C.  At  a lower  temperature 
survival  was  longer.  It  survived  in  ice  9-15  days  and  recovery  was 
high  in  physiological  saline,  with  culture  medium  added,  after  6 hours. 

Bacterium  phosphors scens  was  viable  after  one  week  in  fresh  water. 

laGtobacillus  easel  survived  in  ice  and  was  more  resistant  to 
freezing  than  thawing. 

Bacterium  salmonlclda  survived  up  to  67  days  in  sewage. 

Eryslpelothrlx  was  viable  in  sea  water  after  1 week  and  for  a 
slightly  shorter  time  in  drinking  water. 

Serratla  marcescens  spirvlved  about  100  days  in  tap  water,  much 
longer  in  impure  well  water.  It  was  susceptible  to  ultra-violet 
treatment  of  water.  In  ice  there  were  positive  cells  after  51  days. 

Proteus  species  were  Isolated  from  river  water.  Proteus  vulgaris 
survived  103  days  in  ice.  In  physiological  saline  some  species 
survived  40  days. 

Pseudomonas  pyocyanea  flourished  in  all  kinds  of  virater.  Survival 
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In  distilled  water  was  best  at  a low  tempera t\xre , Recovery  from  ice 
was  high  and  from  physiological  saline,  fairly  good. 

Klebsiella  pneumoniae  survived  over  31  months  in  distilled  water. 
Survival  was  also  good  in  saline. 

^Mycobacterium  species  (Table  W 11)  Mycobacterium  tuberculosis  sur- 
vived more  than  a year  in  tap  water.  Other  reports  on  survival  in 
natxiral  water  varied  from  a few  days  to  6^  months.  In  dlstil3.ed 
water,  organisms  persisted  after  16  months.  Low  temperatures  appeared 
to  promote  stirvival.  survival  in  ice  after  12  weeks  was  reported.  The 
organisms  remained  viable  up  to  13^  months  in  physiological  saline  at 
37  C.  In  sewage,  Mycobacteria  could  be  recovered  from  1 hour  to  35 
days  after  inoculation.  The  lower  temperatxare  permitted  longer  sur- 
vival. Manure  kept  at  room  tempera t\are  allowed  survival  up  to  6^ 
months . 

The  avian  strain  persisted  73  days  in  stream  water  or  sewage, 
Mycobacterium  paratubereulosis  was  recovered  163  days  after 
inoculation  of  river  water.  Persistence  of  9 months  was  also  reported. 

Factors  Affecting  Survival  of  Organisms  in  Water  (Table  W 12) 

The  effectiveness  of  ultraviolet  radiation  against  water  borne 
bacteria  may  be  influenced  by  minerals  in  the  water.  Chai^ges  in 
salinity  and  osmotic  press\ire  are  better  tolerated  by  fresh  water 
than  by  marine  organisms.  The  coliform  group  is  not  entirely  relia- 
ble as  an  indicator  of  sanitation  as  illustrated  by  outbreaks  of 
enteric  disease  caused  by  "potable"  water,  antagonism  of  some  organisms 
against  coliform  cells,  great  resistance  of  some  non-coliform  organisms 
to  chlorination,  presence  of  pathogenic  viruses  and  role  of  non-lactose 
fermenting  gram  negative  rods  in  enteric  disease. 

In  lake  water,  bacteria  were  found  in  greater  ntuabers  in  autumn 

and  winter.  However,  organisms  stored  in  glass  containers  increased 
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more  at  hl^  temperatures.  Mechanical  dishwashers  reduced  bacterial 
count.  Sunlight  mas  almost  as  effective  in  killing  organisms  on  the 
bottom  of  50  cm.  of  water  as  those  on  the  top. 

Snow,  with  a large  dust  content,  carried  many  bacteria.  Clear 
ice  was  more  free  of  organisms  than  bubbly  ice  or  snow.  A great 
variety  of  bacteria  have  been  isolated  from  snow. 

Bacteria  in  sea  water  are  more  thermo sensitive  than  are  terres- 
trial organisms.  At  40  C.ySO^  were  killed  in  10  minutes.  At  -16  C. 
organisms  in  sea  water  outlast  those  in  distilled  water  or  broth. 

The  protozoa  serve  to  rid  sea  water  of  Salmonella,  When  plankton 
are  present,  bacteria  are  virtually  non-existent.  The  pressure 
bacteria  experience  in  the  sea  retards  terrestrial  orgejiisms*  Reports 
were  favorable  as  to  the  action  of  sunl.lg^'*'  r>7»crQr»i  qtaq  in  qaa  wnt.Ar, 

■Ractcrln  In  sewage,  while  they  may  survive  sometimes,  are  sub- 
ject to  the  action  of  antagonistic  saprophytes,  E.  coll  is  attacked 
by  putrefactive  bacteria, 

»Pa3teurella  (Table  W 13)  Pasteurella  tularensls  has  been  reported 
to  survive  in  water  as  long  as  a year.  Natural  waters  become  contami- 
nated by  Infected  animals.  Other  animals  can  be  iiifected  by  inocula- 
tion of  contaminated  water. 

Other  Pasteurella  species  survive  up  to  4-5  hours  in  distilled 
water. 

^Rickettsia  (Table  W 14)  Coxlella  burnetl  survives  7 days  in  water 
at  room  temperature. 

Rickettsia  prowazeki  has  been  found  in  well  water.  Both  tap 
and  distilled  water  and  also  saline  have  an  adverse  affect  on  via- 
bility, 

^Salmonella  ( Table  W 15 ) Salmonella  typhosa  at  outside  temperature 
survived  up  to  40  days  in  well  water.  At  room  temperature,  the  sur- 
vival sometimes  was  longer.  In  river  water,  low  temperatures  aided 
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survival.  At  0 C.»  viable  organisms  were  cultivated  after  8 weeks, 
vfliereas  at  37  C.,  the  bacteria  survived  1 week.  In  pond  water  at 
temperatures  around  10-15  C*,  survivals  of  4 days  were  reported.  In 
tap  water,  storage  in  the  dark  at  temperatures  of  68-72  C.  preserved 
viability  for  43  days.  At  warmer  temperatures  or  in  the  light,  the 
cells  died  off  more  rapidly,  Biey  survived  36  days  in  aquarium  water, 
up  to  a month  in  mineral  water.  Well  water  Infected  with  -urine  re- 
mained positive  up  to  14  days.  The  presence  of  other  pathogens  de- 
creased the  survival  time. 

Salmonella  typho sa  survived  32  months  in  distilled  water  at  room 
temperatxire . Survival  rate  was  also  high  at  37  C,  and  at  0-8  C.  In 
ieeytlie  orgiuiisiu  was  viable  after*  7 months  at  0 C,  Another  report 
fo\md  99.9^  reduction  in  8 days, 

Filtered  oca  •'-■atcr  supported  the  organism  for  32  days,  Contami- 
na-ted  sea  water  greatly  diminished  the  length  of  positive  recovery 
interval,  s#  typhosa  survived  in  physiological  saline  at  room  tem- 
perature for  32  months. 

In  raw  sewage^ the  organism  survived  3 days  at  room  temperature 
or  longer  at  lower  temperature.  In  activated  sludge^ it  was  alive 
longer  than  24  hours.  Aeration  of  the  sludge  decreased  this  time. 

Lack  of  aeration  increased  it.  Sterilized  sewage  supported  the  bac- 
teria over  3 months. 

Salmonella  paratyphi  ^ survived  only  2 days  in  tap  water.  Boil- 
ing the  water  increased  the  survival  5 times.  Filtering  the  water 
and  placing  it  at  incubator  temperature  increased  survival  interval 
25  times.  The  organism  survived  86  days  in  filtered  rain,  42  days 
in  distilled  water  at  incubator  temperature. 

In  non-contaminat§d  sea  water  S,  paratyphi  A survived  18  days. 

If  the  waters  were  contaminated  survival  was  cut  to  1/3  this  time. 


In  saline  It  persisted  33  daysi  In  sterile  sewage  at  room  temperature, 
7^  months. 

paratyphi  B survived  86  days  In  filtered  rain,  42  days  in 
boiled  tap  water  and  82  days  in  unboiled  tap  water.  Reports  of  sur- 
vival in  distilled  water  range  from  32  days  to  25  months,  depending 
on  temperature.  Survival  in  ice  was  reported  to  be  17  days.  Contami- 
nated sea  water  supported  the  organism  12  days,  sterile  water  up  to  38 
days.  In  physiological  saline  the  bacteria  persisted  73  days  and  in 
sewage,  24  hours  to  3 weeks.  Sludge  activation  cut  the  number  in  half 
in  1 hour. 

Salmonella  typhimurlum  survived  in  outside  well  water  for  30  days 
when  E.  Goli  was  also  present.  In  contamiriated  sea  water,  it  survived 
7 days  or  3 times  longer  in  sterile  sea  water. 


Salmonella  enterltidls  survived  only  F.  days  in  contaminated  sea 
water,  23  days  in  non-contamlnated.  2hls  organism  lasted  13^  months 
at  37  C.  in  physiological  saline.  It  was  sometimes  found  in  city 
sewage. 

«Shigella  (Table  W 16)  Shigella  dysenterlae  starvived  in  well  water 
at  outside  temperature  for  30  days.  At  room  temperature,  reports 
varied  from  11-71  days.  Sterile  water  preserved  the  viability  from 
24-30  days.  Results  in  unsterile  irater  were  very  variable.  In  dis- 
tilled water,  the  organisms  retained  viability  from  7-73  days,  in 
ice  up  to  2 months,  in  sea  water,  imder  some  conditions,  5 months 
and  in  physiological  saline  13i  months. 

Shigella  paradysenterlae  (Flexner)  persisted  up  to  38  days  in 
natural  water  and  up  to  73  days  in  distilled,  in  physiological  saline 
53  days  was  the  longest  survival  time  reported. 

Shigella  paradysenterlae  (Sonne)  was  isolated  from  tap  water.  In 
well  water  it  survived  30  days.-  S.  paradysenterlae  spp,  survived  as 
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long  as  32  days  In  sea  water  that  had  been  filtered  and  autoclaved. 
^Streptococcus  (Table  W 17)  Streptococcus  agalactlae  was  reported 
to  survive  66  days  in  natural  water.  8.  pyogenes  remained  viable 
in  well  water  for  66  days.  It  survived  in  other  nattiral  waters  up  to 
a week,  in  sterile  distilled  water  up  to  87  days,  in  physiological 
saline,  12  days.  S.  faecalls  sxu*vived  1 hour  in  chlorinated  swimming 
pool  water.  Under  the  same  conditions,  _S.  salivarlus  survived  5 min- 
utes. In  0.85^  KaCl,  S.  mitls  was  alive  after  13^  months# 

<«-7ibrio  (Table  W IS)  Vibrio  comma  was  reported  to  have  survived  391 
days  in  tap  water.  Other  reports  ranged  from  a few  days  to  a few 
weeks.  In  well  water  it  was  found  up  to  62  days  after  inoculation. 

In  raw  river  water,  less  than  2 weeks,  in  springs,  various  lengths  of 
time,  depending  on  the  treatment  of  the  water.  Distilled  water  sup- 
ported viability  up  to  29  days  or  sterile  distilled  wntfi-P;  3Q  dnya. 
Organisms  were  recovered  from  ice  up  to  7 days  after  inoculation.  The 
longest  survival  of  the  organism  in  sea  water  was  122  days.  Others 
reported  survivals  much  shorter  than  this.  Vibrio  was  viable  in 
sewage  48  hours.  If  the  sewage  was  autoclaved,  survival  was  not  as 
good.  Sterile  sewage  supported  the  organism* 

♦(Viruses  (Table  W 19)  Poliomyelitis  virus  survived  100  or  more  days 
in  tap  water  at  ice  box  or  room  temperatiare.  Exposure  to  direct  sun- 
light cut  stu?vlval  down  to  45  minutes.  In  chlorinated  lakes,  the 
virus  was  killed  in  less  than  10  minutes.  In  treated  well  water,  the 
virus  disappeared  in  about  1 hour. 

Ih  sewage,  polldmyelitls  virus  survived  up  to  2 weeks.  At  4 C. 
survival  was  even  better.  It  was  found  regularly  'vdien  cases  were 
reported. 

Lyraphoc3rblc  choriomeningitis  virus  survived  3-7  days  in  chlori- 
nated drinking  water  at  room  temperature. 


Western  equine  encephalitis  in  the  same  situation,  survived  a 
maximum  of  5 days  and  St«  Louis  encephalitis  survived  up  to  4 days. 

Ohe  virus  of  yellow  fever  survived  10  years  in  distilled  water 
in  the  ice  box, 

»Yeasts  and  fungi  (Table  W 20)  Aspergillus  siarvlved  56  days  in  tap 
or  distilled  water.  In  distilled  water  at  room  temperature,  the  fol- 
lowing survived  1 year:  Clados porium  mansoni , Alettrlsma  castellanll . 

Actinomyces . Monilla . Geotrlchum.  Enidermophyton  f lac cosum.  In  ice, 
Saccharomyces  survived  28  weeks  at  pH  6,5-5,  15  weeks  at  pH  3,7, 
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TABLE  4 X-  THE  SURVIVAL  OP  BRUCELLA  SPEOIES  IW  AIR 


PacJfor(3) 

Survival 

Reference 

EXPERIMENTAL 
B.  melitensis 

Dust  contaminated  with 
urine . 

Dus  t . 

Ozone  li  h.,  22  C, 

30  d. 

U4  d.  1 

Wo  effect 

Chief  19itJi 

Kennedy  1905 

1 Ransomo  I9OI 

OUTDOOR  i 1 

B.  melitensis  ! j 

Dry  dust  of  Malta  ;?0-28  d.  j 

Dry  sterile  <hist  20  d.  i 

Damp  sterile  soil  72  d.  | 

— 

Horrocks  I9O6 

« 

1! 

Dry  sterile  rnnmjre  69  d.  ! ” 

Foist  '•  » 7 d.  j " 

” \insterile  " 20  d.  ” 

B.  spp.  I 

In^Manc of  infection  hi^h  whore  total  ralnfai  1 
hirh  and  nepl  1 ffihle  in  semi-arid  areas.  The 
sterili-lnp;  ef'fe^i-  '’ontinnous  stinll.^ht  seems 

to  be  p.'ramoimt  in-' nluiclcinf;  diss(.-rnin>  tion  while  humi- 
dity, rainfall,  sunleasness  ’<•  eonp;eation  of 

animals  favors  spread.  Folding  195'0 


TABLE 

BAOILLIT 


Pactor(s ) 


Survival 


EXPERIMENTAL 
g«  dlphthorlae 

Ozone,  l|.  h.,  37  C . 


Growth  resumed  after  8 d 
incub. 

2 d. 


Air  2 d. 

C.  xerose 

Maleic  ^ phthullc  anhydiides  are  more  active 
than  their  correapondirp;  acids.  The  effective 
vap'or  concentration  la  2.^%  saturation  for 
chemical  disinfection  cf  air. 

Lactobacillus  acidophllua 

acame  suspi  ndod  in  tho  air  from 
la  either  by  ratural  or  artificial 
tie  out  rapidly  in  5~10  min. 
oopul  tion  aoiriBwhat  reilucod  by 
3 tently . 


cocoon  threjad.  Reoov.  0,  ij^  h. 
silk  tlvreudg  Recov.  0,  72-108  h. 

Death  rate  Increasus 
■ Ith  temper nture 


Floor,  dust,  dark,  in 
vitro 

Floor  dust  swoop  ii'i/'i-io 
I',  flir  after  oilinp;  floo 

During  after  sweepinp, 

” quiet  period 
" bed  making 
Diphtheria  patients 

Drying,  R,T.,  25  I'lin. 

" ” rnJ  n. 

Dust,  dried,  R.T. 

Dust 

In  talkiji;;  .'t  coughln  , d 
quontly  omit  droplets  c 
Air 

Floor  dust  (Gr‘;Vls  str.) 
Fluor  dust 

Neisseria  meningitidis 
Can  be  carriea  at  night 
neighbor  unless  bed  spa 


OUTDOOR 

Qlostridium  welctiil 

Only  sporulating  forms  o 
by  oxygen  under  pressm' 
conditions 

Cory^  i e h a c t o j*  1 am  d i p>i t h e ri  a 
Air,  drying, 

V.  cljolera  Coldest  morith 


7-102  d. 

5 wks . 

r.  Untrou.ted,  there  wore 
7 colon los. 

7 col.  Sravis 

8 Hit  is 

1 " Gravis 
Expulsou  from  resp.  trac 

by  10  of  50  pationbs. 
luoc.  20ij.  col.,  Recov. 0, 

II  23  ” " " 

175  d. 

Long  pi.riods 
iphtiieria  potients  fro- 
ontainlng  viable  bacilli 
ij-8  h. 

1 ruo. 

2 tno« 


'roin  a carrier  to  his 
le  is  > 5 feet. 


urvive  w'aen  Influoncod 
s or  atmospheric  air 


Surv.  long,  time  In  dust, 
of  year,  dries  out. 


Crosbie 

II 

1941 

II 

II 

II 

M 

Duguid  194-6 

Lh. 

Jochimsen  1928 
Ouchtorlony 

1949 

Pressman  1937 

Tougue 

Wells 

Wright 

II 

1913 

1935 

194-1 

Eagleton 

1919 

Ernst 

1900 

irns  t 
Rogers 

1900 

1944- 

TABLE  f\  V THE  SURVIVAL  OP  DIPLOCOOCUS  SPECIES  IN  AIR 


Paotor(a) 


EXPERIMENTAL 
D«  pneumoniae 

bayllght,  in  simulated 
room  enviroiament 

Dark,  almulnted  room 
onvironment. 

Spraying  into  ntmosphere 
saliva  or  saline 

rate  at  BO'/S  R.H.  At  R.Hl 
survival  was  prolonged. 
When  saline  free  liquid 
death  rate  at  intarmed 
The  lethal  affect  of 
ooccl  atomized  from 
is  increased  when  the  p 
droplets  is  Increased  o 
raised.  A narrow  range 
rapidly  lethal  for  orgej 
in  air. 

INtlOOR 

D.  pneumoniae 
Organisms 


12  h. 

from  large  susp.  of  brot|i 
p^duced  high  mortality 
above  or  below  this  the 


llate 


infc 
saU 


at  jmlzod 


SUSP,  in 
saliva 


fresh 


Outside  body 
22  D.,  R.H.  50-no^ 


Floor  dust,  Types  I 
Air 


^ II 


S urvlval 


42  min. 


[ised,  the  sharp  peak  in 
R.H.  disappeared, 
ormediato  R.H.  on  pnevnno 
va  contaj nlng  suspension 
lor  tide  size  of  the 

when  the  temperature  Is 
of  R.H.  near  ^0/^  Is 
hlsris  freshly  sprayed 


Recov.  9^.1  .mmed.  afto 
spraying. 

Recov.  329  after  7$  min. 

Brief  duration 

Within  10  min.  all  the 
pneurno.  had  disappeared 
from  air  at  50, « R.H. 

>1  mo. 

48  h. 


Reference 


Buchblnder 

1942 


Dunklin  194^ 


Dunklin  1948 


Robertson  1942 
Robertson  194? 


Stillman 

Wolls 


1949 

1917 

l';35 


table  a 5 


THE  SURVIVAL  OP  ESCHERICHIA  COLI 
IN  THE  AIR 


Pnctor( B ) 


EXPERIMENTAL 

Air  aaroiolfl,  after  atom-  25  % viable 

1? at Ion 

Exposed  to  ultra  violet  Innumerable  colonies 

at  1,3*  8 minutes 

Ozone,  1|.  hrs.  60  seconds 

Air  1 day  fc  0 hrs. 

Broth  & air,  atomized,  darli 
room  120  min. 

Ultra  violet  lamp  off  30  min. 

Ultra  violet  lamp  on  12  min. 

Ultra  violet  lamp  covered  15  min. 

Increased  Humidity  Increases  resistance 

to  germicidal  energy 
Susp'n  In  air  24,800,  plus  or  minus 

5.14.^  erg/em2  nec0saar3 
for  sterilizing  air. 

With  ultra  violet  the  bactorlddnl  action  la  great- 
est at  lov»  humidity.  In  an  atmosphere  of  45^  RH 
it  la  about  10  times  as  lethal  as  at  90^  RH. 
Cigarette  smoke  has  no  germicidal  effect  Sc  nulls 
germicidal  activity  of  10^  hexyl  resorcinol  In  pro- 

t^^*1  AM*  M 


Survival 


Reforenci 


OUTDOORS 

Hvunld 


Perry 

1951 

Hart 

1939 

Ran some 

1901 

Wells 

1936 

Wells 

1935 

Dust 


Max.  growth  irhan  most 
humid 

4 yrs. 


(UCklesh 

1942 

iharp 

1940 

Ilford 

1942 

“wort 

1940 

lope  1 off 

1922 

lavage 

1903 

I’ABLE  A £ TIIE  SURVIVAL  Oi-'  MICROORaAUISMS  IN  AIR 


Factor (o ) 


ALTI  UDE 

Bac'.RPia  riold  spopec, 
Nutriont  ap.nr,  RP,  C,, 
pH  7.P,  5)j7dO  rt.  abovo 
surf aco 


TUf^li  r bacterial  counta  i 
Lower  count  baotorl.n  ImoI 
static  charge  that  cauac 
v;''.lch  adhered  to  jilnuo 
Bacteria,  r.oiat  o 'o 

Baci.oria  I’i-pVi.jod  i.nto  aix’ 
RH  66;o,  ozone,  .Ip  Pi'ti, 

21  C.,  1^3  V'lin. 

Ozone  '^0  c.  In  uxcoaa  of 
60-70/a  R.H,  req’iired  i,o 
Ton  ti.nos  aa  > 'ity  ;’;orr;s  t 
fo'-gy  days. 

Subnoawial  Mnruihlno  >v.  proc;1 
slblo  foe  aurvjval  of  iid 
Hljfh  cool  in, g power  (hao  tc 
roaiatance  of  paoplo 
Decrensin!';  nuirihor  of  .wiott 
basement  tc  4th  floor. 
Chance  association  with  ui 
survival  of  air  borne  o 


Survival 


Pom-.d  at  /0,0n0  Ft. 


103  cnlonios.  Nvnneroua 
hactoria  carri-'-d  along 
'•aitii  d'lflb  Into  atmoa- 
pV.er»e/aro  not  killed 
by  llV.ht,  I'eat  dryiiot 
of  dosori  aiJb. 
clouds. 

uds  duo  to  loss  of  elcctt 
dlclod,,ing  of  pi rt idea 

o.  Koro  l■.|•i^;ily  killod  t'lar 
wliini  in  dry  jtate. 


Ruf oronco 


Armstrong  193f 


>99)^  killed 

ppm.  in  n atnosp’ncro  of 
roduce  good  Btnrj.lizatioi 
•-  ' ■’.'nr  days  as  on 

pitwinoj.  u.  CMou  reopon- 
ectioua  agents  in  air. 
strong  winds  reduced 

ria  proceeding  from 

at  fnv  tides  Increases 
anisms  . 


4 cases  dascrl'.jod  bitten  iiy  insect  native  to  Sc 
America  in  Fojnvo  desert. 


Study  of  # of  organ  i srns  f c 
ranging  from  20  to  200 
Agar  plates  at  19,000  to  t 

organisms . 

CPERIMENTAL  “ 

Rats,  G.P.  c^o  rabbits  ex- 
posed to  aerosol  of  bact. 
spores . 


Propylene  glycol  loss  eff: 
applied  as  a paint  ^ beti 
A number  of  air  borne  b -c' 
for  a given  time  but  deci 
from  i|0  to  60^  or  higher 
Sterilizing  of  air  by  U.V 
the  organisms  are  disperi 
smallest  particles  being 


iund  in  upper  atmosphere 
lOjOOO  ft.  produced  no 


Certain  areas  of  largo 
spore  cone.  The  greate 
the  volume  of  tidal  air 
the  greater  the  ^ of 
organisms  in  the  lun' a . 
dent  than  phenol  when 
er  than  i>henol  vh  en  evap. 
erla  were  able  to  survive 
eased  by  raising  R.H. 

rsdifltlon  effective  uhei; 
ed  in  droplet  nuclei,  the 
most  vulnerable 


Brown 

Dillon 

3- 

IViO 

1029 

D'i?  hai.i 

194-1 

, Ifo  rd . 

1 i.|  2 

II 

II 

LeGviy  on 

' 931 

Maiasner 

19ii0 

Parvis 

1946 

Pc  rsonn-d 
Navy  Res, 

of 

19)!  3 

Schlotthuuer 

1940 

Timm on 

U49 

Walker 

Arie» 
Bake  r 

Baknr 


Bourdillon 


1949 

1944 

194.1 

1946 


TABLE  yj  ^ THiii  SUlWIVAL  OF  lilCROOROANISMS  IN  AIR 


Pactor(s) 


Survival 


Reference 


EXPERIMENTAL,  COMT. 
Air  from  sneezing 


Air  with 
spray, 


hypochlorite 
65  F.,  R.N.  66^ 


100,000  bacteria  remain 
in  air  over  1 min. 
16,000  still  In  air 
over  30  min. 

All  or  moat  of  bacteria 
omitted  can  be  killed 
in  3“4  min.  by  .Mpray  ojJ 
NaHClO  in  cone,  of  2.1 
no. /l, 000  cu.  ft.  air. 
Lower  limit  of  effective 
humidity  ia  below  60^ 
at  70  F. 

App  ratua  for  determin  Htlin  of  penotration  of  par- 
ticulate air  borne  mater;. al  tlirongli  nose  describe^ 
Particles  greater  than  5 miora  ar  t filtered  out. 

Ill  .!.';eneral,  moving  hot  air  is  more  effective  ixi 
sterilising  of  plane  polished  surface  than  still 


Bound lllon 


19k2 


hot  air  of  same 
Size  of  ag.'rregHtea  of  mic^ 
concentration  of  saline, 1 
sedimentation  o)u-®bar. 


temperatijire 

11  ae 
i th 


Fan  distribution  of  droiilt 
of  in  3O-6O  min.  Mucl 

in  diameter  survived  20  rr 
i|.  lilcra  survived  90  min 
30  h. 

Bacteria  carried  in  handkc 
liberated  .m  rlld  manual 
Organisms  heated  in  presei 
tained  in  state  of  Intemi 
them  more  su.sceptlble  to 
'emps.  than  would  be  the 
out  completely. 

50, t solution  calcium  chloii 
prevent  dust  ]|.-6  weeks. 
Technic  outlined  for  dete 
distribution  of  viable  a 
Means  of  sampling  bacteria 
Wave  length  of  2537  A high 
vating  many  di  sense  agents 
Factors  which  .influence  ef|fl. 
1)  RH.H.  30-501^  2)  Groat 
3)  More  effective  wj.th  d 
T'lo  physiological  ■®c  biolo 
cl(Jal  irradiation  of  air 
established  by  various  id 
Relatively  lot.'  intensity  I)j 
ff*. re  with  cellular  dlvls 
many  disease  agents  whlob 
other  substances. 


•’•"'’reased  with  con- 
incroaao  time  in 


Boy  land  19k-7 


Breinl  193^ 


Oautrebande 


t nuclei.  Dlsappearaace 
oi  greater  tlian  o inicra 
in.  nuclei  greater  than 
Smaller  nuclei  survived 

r chief  after  2 days  use 
shaking.  Recov.  ll|.,720 
ce  of  stoari  are  maln- 
edirte  hydration  which  mi 
killing  action  of  high 
case  if  allowed  to  dry 

Ide  s])rend  on  floor  will 


1 r.).  0. 


itnining  piartlolo  size 
Jlr  borne  'oacteria 
1 aerosols 

ly  efficient  in  Inacti- 

» 

icacy  of  glycol  vapors: 
r below  72  F.  than  above 
Ijrt  c.:Uust  than  alone, 
leal  concepts  for  baotcril 
[have  been  .fr  irly  vjell- 
ves  tlgators . . 

.V.  of  2537  A will  inter-! 
lion  •.■'CBdliy  innct.iVvate 
are  not  protected  by 


Duguid  19lp6 

Dumbell  1948 
4kus 

Dunklin  1948 
Gal  am  bos  1942 
Goldberg  1950 

" 1951 


1946 


Hollaender 


Hjarbu'ger  1945 


Hart 


1944 


Hollaonuer 


191]  2 


TABLE  /^/  THE  SURVIVAL  OP  MICROORGAWISMS  IN  AIR 


Pactor(s) 


Survival 


Reference 


EXPERIMENTAL,  CONT. 

Ho\Jse  duat,  3^-35  G.»  R.H 

53-63;^ 

The  bactericidal  effect  oi 
with  changes  in  temperati, 
dreasing  rapidly  with  ter^; 
maximum  between  60^ 

Bacteria,  oxygen,  exposed 
to  sunlight 

Brcterla,  hydrogen,  ax- 
i^oaed  to  sunlight 
Indicates  that  inhalation 
may  be  important  mode  of 
Construction  of  apparatus 
of  x*3spiratory  infection^ 
At  a c ".nstant  saturation 
there  was  found  to  be  apij 
increase  in  the  rate  of 
each  1^  P.  increase  in  tej 
At  high  humidities  the  pe 
contain  so  much  water  th 
concentration  of  glycol 


Recov.  22^/10  cu.  ft. 

after  30  min. 
glycols  varies  markedly 
re  A:  in  humidity,  de- 
iperature  rise  A:  reachinp 
R.H. 

3 h. 


Hollaender 


> 7 h. 
Df  (h 


or  dust  borne  pathogens 
spread  within  group, 
for  exper  mental  study 

• 

llevel  of  glycol  vapor, 
roxlmately  n two-fold 
liaotei-*lcidal  action  with 
mper  at  ure . 

J'tlcles  in  equilibrium 
tt  highly  bactericidal 
are  unattainable.  A limit 


onn  m 


*1‘  ‘ 


Equation  given  for  detenu 
on  bacterial  population. 
Air  suspension,  Low  R.H. 
The  f al  ling  off  in  effoctij 
of  all  bactericides  conu 
function  of  the  bacteria 
selves.  The  maximum  kill 
at  vapor  concentration  m 
Vapors  of  most  corunon  aer 
from  the  air  at  an  appre 
of  a number  of  processes 
oxidation,  dondensation 
by  surfaces.  The  dlsappe 
the  air  appromoted  a logf 
of  cor centrat ions . 

Lactic  acid  la  cheap  bnrtcj 
between  R.H. 

Bactericidal  illumination 
than  with  culture  spread 
at  room  R.H.(60;’0-  Low  ir 
lighting  of  good  intonai^ 
various  organisms  about 
natural  death  rate  in  da 
The  treatment  of  cotton 
fabrics  with  oil  omulsior 
changes  In  R.H.,  temperat 
concentration  of  oil  emul 
Aliphatic  alpha  hydroxy  cfi 
bactaricldal  agents  for*f 


A 


m * K.. 


mg  effect  of  radiation 


Bactericidal  effect 
eness  at  lower  hurnidlti^ 
ijdered  appjoars  to  be  a 
carrying  particles  them- 
rato  is  attained  onlif 
ar  or  in  excess  of  sat. 
Sal  disinfectants  dlsapp© 
•Able  rote  by  one  or  morq 
which  include  aerial 
\4p0n  surfaces,  adsorption 
crance  of  the  vapors  froti 
rythmic  law  over  a range 

ricide.  Reached  peak 


Krueger 

Kruse 

ti 

Lemon 

Leif 

Lester 


T - i.  — 


Lidwell 

II 


19l;lp 

1B95 

19i|-8 

1950 

1950 


•y  /”■  r'  r\ 


19i*.Q 


s 


ars 


qia 


Lidwell 

II 


I94R 


la  much  slower  with  dust 
on  slides  or  JJetri  dishes 
tensity  U.V.  b fluorescer t 
y appeared  to  destroy  the 
f|ive  times  as  fast  as 


nk, 


woolen  bod  clothes  tjnd  oil 
is  not  roadj.ly  affected 
ure  or  small  variation  iii 
Sion  used. 

rboxylic  acids  are  good 
i.r  disinfootlon. 


Lidwell 

her 

by 

Loosll 

Lovelock 


1950 

1946 

1948 


TABLE  H-j  T?IE  SURVIVAL  OP  NICROORGANISMS  IN  AIR 


Factor (s ) 


Survival 


Heferonce 


1* 


EXPERIMENTAL,  CONT. 

One  gren  of  propylene  gly 
of  air  effected  complete 
atnosphere  containing  as 
of  air  . 

Filters  prepared  frcan  ;,o 
aucceasfiil  total  recoverjr 
an  inooulvim  of  a icno;vn  n 
contaminated  dust. 

Air,  U.V.  20  micro  wa^ts 
per  sq.  cm.  (2,^37  A) 
U.V.  30  micro  watts  por 
sq.  cm.  (2,|337  A) 

Review  of  methods  used  in 
The  two  primary  condition^ 
application  of  U.V.  for 
■>. ) the  supplementary  Irra^ 
ion  measures  since  U.V. 
against  bacteria  j.Totect^ 
radiation  of  sufficient 
as  to  affect  the  eyes  or 

Glycols  are  most  eff'^ctivi 

» 1 ^ 

wiiu  LlUilip « •lej.uw  ' . 

Effectiveness  of  any  comp 
depends  upon  the  extent 
on  al.  r suspended  bacter 
resulting  cone,  of  ger 
the  organism.  At  any  R. 
greater  the  more  closely 
concentration  approaches 
Glycol  vapor  cone,  muinta 
below  the  fogging  point 
tive  as  ouporaoturated  a 
visible  mist  of  clycol 
Air,  Bo  F.  and  below.,  R. 
45-70^,  sprayed  with 
propylene  glycol 
Ozone  shows  no  romarkaole 
bacteria 

No  dlfforence  of  U.V.  bee 
R.H.  ran' "6  of  3fj“95^* 


pol  aerosol  in  2,000,000 
sterilization  of  an 
many  us  £>00,000  bact./l. 


tin  permit  the  most 
by  cultii.i-e  procedures  fif 
jimber  of  organisna  in 

Adequate  disinfection 
250“f>00  sec, 

167-334  sec. 
preparing  aerosols 
for  the  successful 
Aislnf oction  of  air  are: 
Elation  with  dust  suppresi 
ight  is  not  officlont 
d by  dust  2)  attain  a 
|.n tensity  but  not  so  high 
skin. 

at  R.H.  between  l|0-60;:5 


Miller  1942 

on 

Mitchell  1949 
Mudd  1944 


It 

Muller 


1940 


la 

id 


ound  as  an  aerial  germlci 
(|)f  condensation  vf  its  vaij 
*c  on  the  x’ate  at  which 
ido  can  produce  death  of 
. the  killing  action  is 
the  germicide  vapor 
the  satui’atlon  point, 
nod  at  a level  Just 
were  found  to  be  ns  effecH 
•;mosphoro.  Presence  of 
iji  no  way  hamfol. 

H. 


National 
Council 

Niles 
e 

or 

tlho 


Res. 

1947 

194^ 


Puck 


Puck 


Puck 

Maxiraum  bactericidal  aclilon, 
effects  on  pathogenic 


tericidal  action  over  a 


Temporaturn  of  organisms 
has  no  offoct  on  action 


within  viability  range) 
of  U.V. 

Air  borne  !>acteria  about  !./l0  as  resistant  to  U.V. 

Ld  suspension  or  on  agar. 

than  in  lew  R.II. 
[bacteria  first  exposed 


$ 


radiation  as  when  in  llqu 
More  resistant  at  high  R. 
Lethal  radiation  le.'S  if 
to  heat. 

Short  intense  dosage  of  b(| 
1 tbal  to  ?].  coli  th.aji  Icpi 


uteria  with  U.V,  is  less 
ig  nild  oxi>osuros 


Ransome 
Sontacliler 


1947 

1945 

19i|3 

1901 

1940 

1941 


I Q30 


TABLE  /i  L THE  SURVIVAL  OF  MICROOROANISMS  IN  .HR 


Paotor(s ) 


Stirvlval 


Reference 


EXPERIMENTAL,  CONT. 

Treatment  of  bodclothoa  wl 
reduces  amount  of  dust  tH 
from  blankets  by  90/^. 
Epidemic  spread  of  con  tor, 
cienoy  of  air  supplied 
The  ten-fold  increase  in 
its  equivalent  in  U.V.  r;: 
epidemic  spread. 

Methods  of  standard  baote 
Examination  at  autopsy  fa 
ence  between  animals  kept 
in  ordinary  room  atmosphe 


llth  medicinal  paraffin 
at  can  be  liberated 

lion  depends  upon  defi- 
r susceptible  person, 
winter  ventilation  or 
dlation  doos  control 

ijioloric  procedure 
ijled  to  reveal  any  differ- 
in  glycolized  air  h t os 

re_j 


1941 

Van  den 

Ende 

Wells 

1943 

Wells 

1946 

Wise 

1947 

INDOOR 

Triethylene  glycol  acts  as! 
oidal  agent.  Introduced 
duotion  of  bnoterifl 
Definite  decrease  in 
factions  of  tho  upper 


in  air. 
IviciJauce 


dohumidlfying  & gerj^i- 
as  vapor  shows  90/6  re- 


past 

noted  among  cb.ildren  ktipt] 

C'jmp/  rad  with  control. 

Irradiated  materials  had  i 
action  than  non-lri’adlutdd  niatorlal 
# of  colonies  dimir ished  proportional 
In  use  of  caps  ^ masks. 

90-95^  fewer  organisms  obtl 
tViiUi  from  control  blanketl 
Oram  neg  tive  bacteria  in 
spectrum  killed 
U.V,  rediation. 
makes  gram  negative  bactej 
to  U.V.  than  gram  posltlv 
Analysis  of  bacteria  found 
schools.  207  Strep,  isol] 
with  U.V,  compered  to  318 
Marked  decrease  obso7-vod 


in  severity  of  in- 
respiratory  tract 


in  irradiated  vmrd  as 


ucm  greater  bactericidal 


to  care  taken 


ained  from  oiled  blanlcetsj 

8. 

air.  R.T.,  Combined 
ost  bantjerla  in  15"30  sec.  of 
Prec0od:ljno  freezing  with  liquid  rjir 
ia  I 'or*e  strongly  susooptj 
e spore  formors. 

in  largo  rural  coutral 
ated  frojii  rooms  irradlnt 
from  non-1  radiated  room 
total  'ate  of  inoldonca 


Barrett  19i|.7 

hayenberg  19i|.0 
Bechhold  1937 
Brown  1916 
Dingle  1948 


in 


ctlons  following  use  of 


tectod  in  operating  room, 
iations  in  rate  of  multi-] 

Con- 


or uxiper  respiratory  info| 
propylene  glycol  vapors. 

Oives  various  orguuisma  de 
Bacteria  have  definite  var 
pllcatlo  1 V.  ainoiont  of  grqwth  with  changing 
ditions  of  moisture 
Filters  of  air  condltioooij 
liortlally  clof'ged  wl  tfi  dil 
nor  centrifuge  action  of 
Influence  on  # of  organ  is 
Fluorescein  disporsod  intd 
Recovered  'rom  diAst  after! 

Saliva  in  air 
0rgU!)iams  sprayed  in  air. 


37 


0 • , 


textile  r'lll 


more  ...ffectife  when 
rt.  Neither  furnace  heat 
blower  ui'pe.  rs  to  hove  any 
|ms  reuirculn  tod. 
sir  of  room  as  povmer. 

20  sweopij'jgs. 

36  h. 

3000  org.  /cu.  ft.  ait. 

I4./0  of  i.nitial  value,  S|h 
Colonies  grew  more  than 

at  R.T. 


Gartner 

1947 

1 

i.Gllcreas 

1950 

Harris 

Hart 

1945 

1938 

Kopaloff 

1922 

Lemon 

194i^ 

Low bury 
Luckiosh 

1940 

194 

i.  " 

Matuso 

191.1.3 

TARLE  T’’E  SUHVIVAL  OF  WAN  ISMS  III  AIR 


F ctor(s) 


INDOOR,  CONI’. 

Bacteria  coiants  Ul^her  In 
Lowest  in  Aug.  Sex>t. 

If  tho  entrance  to  lab.  i 
in  carbolic  acid  tlio  w 
is  considerable  reduct iori 
air  in  the  room 
Bacterial  content  of  i.ornJ 
twice  that  of  afternoon, 
summer 

Use  of  U.V.  lamps  in  duct^ 
nlficantly  reduced  bacte 
Room  with  oiled  fl  ;ora  had 
borne  bacteria  during  me, 
U.V,  lamps  effective  in  re 
venting  spread  in  air  due 
R.T.,  R.H.,  Vj-}\.0/o,  glycol 
saturation  i|.0-100% 

The  higher  the  concentratl] 
rapid  the  hactorioidal 
70-80;^  produced  rapid  ki 
Air  in  nursery.  No  nurse 
in  cubicle  for  1 h. 


Jan.,  March,  April,  Dec. 

hung  with  cloth  soaked 
;^ndow  locked  tightly  therej 
in  bacterial  content  of 

,l|ng  aj.r  ii.  operating  room 
Count  is  lower  in  the 

of  n.r  conditioner  sig- 
tfial  coimt. 

70)6  reduction  in 
Imum  activity 
duclng  bacteria  ft  pro- 
ts . 


2-3  min. 

on  of  glycol  the  more 
tion.  ConcontrntiO'U.  of 
ing. 


V. 


Nurse  in  cubi  -le  10  min. 

for  diapering  infant. 

No  air  coi.dit loning,  counti 
aloud  from  1-5^^  without 
face  mask 
Air  conditioning  along  did 
respiratory  cross  lixfoct 
tion  of  upper  alrr  togethd 
reduced  # of  respiratory 
gauze  mask  worn  b^  q tent 
ing  crwsa  infection 
Prevention  of  cross  infectj 
T ibulntion  of  1,342  infec 
laboratory.  Recognized 
308  cases  re  search,  4^5 
23  cases  product  of  hlol 
Air  before  sweeping. 

*'  (Jurin;!; 

" after 

Treatruent  of  bed  clothes  w 
causes  95/^  I’e  due  tion  in 
in  air  during  bednaklng. 
Samples  of  air  from  U.V. 

5 organisms  /cu.  ft. 

U.V.  irradiation  checked 
tagious  diseases  during 
dry.  Not  effective  d' rid 
hecterlal  reductions  of  20 
irradiation  in  barracks 


ft  “ 

If 


Survival 


Reference 


I V. 


Q Cf^T  . /t  D All  Cf 

• '4  

299  col. /in  cu,  ft.  air. 

23  col./lO  cu.  ft,  air. 

not  prevent  spread  of 
on,  Genaicidal  irraula- 
r with  air  conditioning 
ci'oss  infections.  FlannetL 
ants  of  value  in  x^rovent 


ion  by  U.V.  ' air  cojidlt. 
tjions  acquired  in  the 
cciduaits  in  215  instances! 
asos  diagnostic  v/ork, 
dgleals,  29  cases  class. 
0.7/cu.  ft. 

24.1/cu,  ft. 

30  r>  in. 

ith  liquid  paraffin 
organisms  distributed 


ospital  vrard  ever  aged 

pidamic  spread  of  con- 
oid woptber,  when  air 
g moist  weather 
-25/  v;ith  use  of  U.V. 


Matuso 

1943 

Oestorlo 

1938 

Rice 

19^1 

Robertson 

1940 

II 

1vh4 

•1939 

1949 

It 

lVq-8 

k/w'4.  ii 

1948 

II 

H 

1948 

Rosens tern 
Sauer  1942 

Sulkin 

Thomas 

ti 

1951 

1941 

II 

II 

V/clls 

1940 

II 

194-3 

Wllimon 

1948 

TABLE  /i  L THE  SURVIVAL  OP  PICROOROANISMS  IN  AIR 


Pactor(a ) 


Survival 


Reference 


INDOOR,  CONT. 

Rate  of  diaappenrance  of 
logarlthiiiic  relation  ui 
appearance  rate  increase^ 
did  not  effect  rate  of  d 
can  effect  reduction  in 
requires  a high  mist  con(|j 
effectiveness  of  aerial 
of  the  bactericides  infli 
as  aerosol.  Low  R.H.  mo 
viability  of  al  r suajjend^ 
Indoor  dust 


cteria  from  air  follows 
. respect  to  time.  Dls- 
ea  R.H.  increases.  Temp 
is appearance.  NaOCl  aero 
phe  bacteria  in  the  air  bvj 
The  RH  of  air  influencj 
ifjactorlcidea . The  vapor 
onces  its  use  effective 
“O  fovorable  fen  high  foi 
d organisms. 

3-!?  million  bacterl'a/gm. 


sjol 
t 
es 

pressure 
ness 

Wllllamaon 


1942 


Winslow 

1912 

t. 

in, 

Allen 

1940 

or 

. Bey 

1948 

Jacobi 

1394 

Lewis 

1907 

II 

H 

II 

II 

n 

Katuso 

1943 

• 

0 

Parkins 

• 1947 

r 

Wells 

1940 

Winslow 

1912 

Zobell 

1942 

Zobell 

1936 

OUTDOOR 

Strong  proetolytic  proteiiji, 
20  C.,  Inoub.  7 d. 


Aeration  stimulates 
growth,  decomposes  casd 
produces  aininonia,  de- 
creases nitrogen. 
Absolute  Inimidity  or  gre 

allows  organisms  to  survive  long  enough  for  infacii 
Air  of  sewers  does  not  gl'e  off  germs 


10  to  11  rng/cu.  meter  of 


Organisms 

II 


in 

II 


air, 


heavy 
1 Ir.ht 


rijiin.  80^ 

30;$ 


A 


reduct. , 

n 


k h, 


uuuoi* 

**  " ” between 

70  80^ 

Air  v/indward  of  bovm. 

” leeward  ” " 

R.T.,  textile  mill 


0m  I t 

PV»  rtX4/aq. 


L t. 


Effectiveness  of  U.V.  llg 
Increasing  R.H.  above 
efficient  against  small 
Samples  of  outdoor  countrj^ 
alr/lactose  fermenting  o 
city  air  average  10.2/cu 
Street  dust 

Air  borne  marine  bacteria 
by  U.V.  radiation  Just 
or  terrestrial  species. 
Marine  organisms  collected 
land.  Terrestrial  organj 
at  sea.  Collections  wer^ 
veldcity. 


ll|k 


4/sq. 
/sq.  1 


ft. 

11/sq.  ft. /min. 

27/sq.  ft, /min. 

Colonies  from  external 
air  thrive  more  than 
at  37  C, 

:Ht  decreases  rapidly  with 
or  60>^.  The  rays  are  mo 
ijiart Idea  thtin  large. 

air  average  W\.>$  on.  gt.| 
i^ganism.  Samples  of  outdc 
ft. 

49,200,000  bact./gm. 
very  resistant  but  killv 
readily  as  fresh  v;ator 


on  towers  30  miles  in- 
sms collected  I30  miles 
proportional  to  wind 


TABLE  . //  i THE  bJHVIVAL  OP  MIOROOROANISMS  IN  AIR  (ADI^EWDUm; 


Faotor(s) 


Survival 


Reference 


ALTITUDE 

Can  be  transported  almoat  liirlitloss  distances  hori- 
zontally depending  on  ability  to  survive  atmospheric 
environment 

Bacteria  found  above  19.000  fli 
^^•8  h. 

Numerous  bacilli,  staphylococf 
above  20  thousand  feet. 

Windy  weather  prior  to  flightjs  resulted  in  increased 
counts . 

Plights  50-60,000  meters,  Ba( 

Coccaceae  50o3^»  Bacter'laceai 
Actinomycetaceae  3ol0  sS,  Spirillaceae  0ol5/^< 
EXPERIMENTAL 


It,  at  -26  Co  survived 
Icl  "e.  micrococci  found 


cterlal  distrlbi.ition  was 


Erwlnia  ynylovora 
RoH.  close  to  0. 

Hemophilus  pertussis 
Air 

Malleomycea  mallei 
Ozone  4 h,  3?  C. 

luiCx-ucoocua  oanuldvjs 
Aerosols,  air,  after 
atomlzatlono 

Proteus  vulgaris 
Exposed  to  U.Vo 

Pseudomonas  pyocyaneua 
Exposed  'to  U.V, 

Ozone  4 ^0 

Pseudomonas  aeruginosa 
Suspension  in  air. 


Sprayed  into  air 
Air 

Sarclna  lutea 

Swabbed  on  tongue,  nasal 
mucosa  & tonsil  crypts. 

Sarclna  spp. 

Air,  R. To,  R.Ho  10-72%,  Trl| 
ethylene  glycol  vaperlzed 
with  hot  air. 

Serratia  marceaoens 

Suspension  in  spray  reducec^ 
to  dust,  R.T. 


Viable  & infectious  afte 
1 yr. 

1 h. 

Growth  resumed  after  8 d| 
incubation. 

Resistant  to  shock.  Sai 
vitality  in  aerosol  as 
in  suspension. 

61  col.  1 mine.;  2 col. 

3 min, 

Innum.  col,  1 min.j 
38  col.  3 min. 

60  sec. 

I6,00(t  k»7%)  ergs/cm^ 
necessary  for  sterillz-| 
ing  air 
< 1 d, 

<1  d. 


Usually  impossible  to 
recove  r. 


Water  spray 


825^  killed,  24  h.  I Oruen 

Disappeared  at  rate  of 
1.5-'''^»17  mom/seda  Re- 
mained floating  in  qulelt 
air  of  room  4 Plugge 

Recovo  0,  27-33  h.  Kirsteln 


Jacobs 

1940 

Proctor 

1934 

II 

1935 

II 

1942 

Skrsynska 

1949 

Rosen 

1936 

Wells. 

1936 

> 

Ransome 

1901 

Ferry 

1951 

Hart 

1939 

n 

Ransome 

1901 

Sharp 

Wells 

N 

1940 

1934 

1936 

Bloomfield  1919 


1949 


1897 

1900 


TABLE  THE  StlRVIVAL  OP  MIOROORQANISMS  IN  AIR  (ADDENDUM) 


Paotor(a) 


EXPEl^IMENTAL,  'CONT. 

Serratla  marceacena 
Ozone,  h. 

Air  breathed  In  thru  nose 
and  mouth. 

Size  of  particles  important: 
Large  particle 
Med*  particle 
Small  " 

Greater  recoverability  of  a 
than  In  dry  atmosphere, 

U.V.  light 
Suspension  In  air 


Air,  29  C.,  axon  shining 


Pure  cult,  in  nasal  passage. 


Sprayed  into  air 
Air 


Survival 


60  sec. 

Recov.  915^*  10  ?''ln,  afte 
spraying  bacteria  In  al 


Reference 


Ransome 

[» 

p. 


1901 


87^  during  spraying 
85^  6 sec,  after  spray 
625^,  10  min  after  ” 
dynamic  cloud  in  wet 

15  min. 

20,700  ergs/cm2 

necessary  for  storiliz- 
Ing  air. 

3 min.  after  spraying, 
6,000  col, 

30  min.  after  ” 

1 col. 

Shows  nearly  all  organ- 
isms destroyed  before 
reaching  nasopharynx. 

< 1 d. 

<1  d. 


Rooks 

Rosebury 

Rosenstern 

Sharp 

Teague 

n 


Thomson 

Wells 


1939 

19l|7 

19k2 

191^0 

1912 


1896 

193^ 

1936 


Form  & structure  of  organism 
ing  persistence  i*:  viability 
to  Infectlvlty. 

Wave  length  25  mlcra  acts  s 
organisms.  Chromogenic  ba 
stimulatloM  at  313  mlcra. 
U.V.  Just  as  fast  as  vegetla 
The  rate  of  kill  of  air  drls 
at  low  humidity  (15-20^) ;w 
rate  decreased.  As  alr-dr 
rate  of  kill  by  glycol  dim 
effective  against  partlclels 
in  diameter  but  not  killedi 
5-li  mlcra  or  less, 


18  may  be  factors  affect- 
1%  this  may  be  related 

jtronger  against  Gram  neg. 
{nteria  showed  conspicuous 
Spores  were  killed  by 
tive  forms. 

d bacteria  was  highest 
1th  rising  R.H.  the  death 
iTlng  period  Increased,  ths 
Inlshed.  Glycol  vapor  wat 
as  large  as  8-10  mlcra 
as  rapidly  aa  those  of 


Perry 


Gartner 


Robertson 


in  teat  barrajc 
radiation.  At 


wsm 

Proteus  morganl 
Dus  t of  ward 
Bacteria  counts 
following  U.V. 
open  plates  were  found  to  he 
sampling  because  stray  Irrad 
Induced  a 19^  reduction  In  c 
Respiratory  ' Icroboa,  air, 

U.V.,  2537  if. 

Concentration  of  air-bcrne 
depended  on  (1)  # of  men  pr© 
of  and  ty’>e  of  activ  ity  (3) 
during  greatest  activity. 


2-12  d. 

ks  lower  than  control 
the  end  of  the  study 
a poor  method  of  air 
Irtlon  at  5 ft.  level 
ounts. 


bap 


Recov.  2 h. 

’.terla  In  army  barracks 
(sent  at  one  time  (2)  amoi 
.argest  # bacteria  found 


Hoare 

Jarrott 

n 

Knowles 


mt 


Lemon 


1951 

I9kl 


12^1 

19k3 

1948 

1950 

1944 


table  Cj  the  survival  op  miorooroanisms  in  air  (addendum) 


Pactor(s) 

Survival 

Reference  ! 

j 

INDOOR,  CONT. 

Alp  borne  bacteria  In  major  ^ 
tlonal  to  # of  people  preaer 
activity  on  floor  proper  of 
Microbes  In  air. 

Air,  ward,  d\irlng  bed  mdclng 

urgery  roughly  propor- 
t In  surgery  & to 
surgery 

Longer  in  humid  than  In 
dry  air. 

Quiet,  22/cu.ft.  air. 
Beds  in  making,  $10/ovi, 
ft.  air. 

Nlsbet  1938 

Roohaix  1931 

Rountree  19^6 

outdoor 

Hemophilus  Influenza 

Death  rate  hi 'h  during  I4.  me 

. period  of  high  R.H. 

Barreto  1948 

TABLE  /?  7 THE  SURVIVAL  OF  MYCOBACTERIUM  TUBERCULOSIS  IN  AIR 


Paotor (s ) 


Survival 


Reference 


EXPERIMENTAL 

Water  droplets  carry  mlcrobAs. 


C.P.  not  infected 


after  inhaling  dry  tubercl.o  bnoilli  for  1 h. , but 
infected  in  few  seconds  inhaling  humid  ones.  Rain] 
does  not  play  important  pathogenic  role.  Pog  does 
play  pathogenic  role 
Droplets  on  plate,  4^  C., 

20-30  cm.  from  speaking  ojj*  300-600  times  increase 
coughing  persons  mouth. 

Loud  speaking 


Drops  from  bronchial  tree  l»|i 
20  coughs . 


in  count. 

40-1,000  Times  Increase 
in  30  min. 


100-8,000  times  inc. 


Sputum  of  tuberculous  patient.  ^0,000  bacllli/mg. 
Tubercle  bacilli  dan  be  reccvered  from  macroscoplca 
normal  lung  tissue  of  rab^iita  sovornl  weeks  after 
primary  infection  fr 

When  radiant  energy  of  \ov  ^ntonai.  t.;,  it  redudes  the 
incidence  of  T.B. 

U.V.  of  2537  Angstroms  excrcj 
against  natural  air  borne 
Ozone.,  37  C.,  4 lb. 

Use  of  saline  solution  in  trie  Wells  eentr’’^”'"® 
not  permit  collection  of  luberc'e  bacll 
phere.  Because  of  size,  ijha  bacilli  f si.  1 out  of 
atmosphere  rqp  idly.  When 
are •enclosed  in  albumlnoud 
stick  to  whatever  it  contacts. 
lifDOOR 


Dust  in  air  of  rooms  of  tu- 
berculous persons,  R.T. 

Surface  dust  from  rooms  of 
tuberculous  families,  R.T. 

Dust  from  clothing  of  tuber- 
culous fan  Hies,  R.T. 

Washings  from  childrens  hand 
R.T.  ’ ' 

Open  pu’IjinBnary  tuberculous 
patient. 

0.^-0. 1 mg.  cult,/cc  water 
sprayed  In  G.P.  vicinity 

Dust 

Sputum  droplets 

Hypochlorite  % quafcornary. 
ammonium  compounds. 


to  prevent  contamination  dt  air.  Specific  experi- 


mentation has  proved  that 
effect. 


contagion. 
No  effect 


;ill 


expelled  from  mouth  they 
material  which  tends  to 


1 of  50  O.P.  inoc,  with 
dust  died  with  T.B. 

Found  in  dust  six  of 
24  observations. 

10  of  62  inoc.  O.P.  died 
of  T.B. 
fl. 

No  results 

Expiilned  from  resp,  trai 
10  out  of  20  patients. 

Bacliri  in  bronchi  1-72 
h.  Negative  I4i|-  h. 

O-14  d. 

4-7  d. 

tuber culocldal 
effect 


rtJ.V. 


Aimes 

1933 

Plugge 

1921 

II 

II 

II 

•y 

Heppleifcon  1949 

Lurie 

> 

11 

■Ran  some 

194i|. 

1901 

Sim 

1739 

Augustine 

1929 

n 

* 

II 

II 

t by 
Duguid 

1946 

Heymann 

Kirstein 

tf 

1908 

1905 

Klarmann 

3 

1951 

5 

Long 

1951 

T/VBEE  yj  7 THE  SURVIVAL  O:^  KYCOMCTEniUM  TUBERCULOSIS  IN  AIR 


Factor  (s) 


Survival 


Reference 


INDOOR  (CONT) 

The  us©  of  glycol.s  ms  vapors 
tu  )ercle  barj.ni  in  cloaec 
Dust 

Aspiration  of  1J.|  on.  ft,  ai 
air  sampling  for  isolation 
S]mtum  in  ai  r shaft  I 

Dust  of  T.B.  wards.  j 

Sputum  of  floor  j 

Dust,  room,  hospital  home 
OUTDOOR 

Dust,  sunlight,  dry 
Mixed  with  sterile  dust, 
direct  sun  rays 


is  suggested  for  killing 
1 spaces. 

Long  periods 

,r/mln,  not  efficient  for 
i of  T.B. 

40  d: 

Can  withstand  drying 
mos . 

Long  periods 

72  h. 

5 h. 

bacilli  in  the  nuclei 


Inhalation  of  a few  tubercld  bacilli  in  the  nuclei 
of  droplets  coughed  or  sneezed  into  atmosphere  is 
of  greater  consequence  than  from  larger  number  of 
orgmisms  in  coarse  partltiles  which  are  strained 
out  in  t’oe  upper  reap,  peslsage  ^ ingested. 


Potter 

Pressman 


Ransom 
Rogers 
Sawlzky 
Thomas 

Caldwell 

S we any 


Wells 


T/iBIB  JLL 


THE  SURVIVAL  OP  PASTEURELLA  SPECIES 
IN  THE  AIR 


J 


TABLE;  ,/f  9 THE  SURVIVAL  OP  PROTOZOA,  NETASOA,  13AOTERIOHIAGE 
AND  RICKETTSSIAE  SPECIES  IN  AIR. 


Factor («) 


Survival 


Rof oronce 


EXPERIMENTAL 

QactorlopliflRe 

Transmitted  througVi  nlr 
manner  entirely  analocc 
bacteria 

Colloids  protect  bactor' 
both  in  vacuo  or  In  al 
Ricketts 3 lae  spp. 

Dyor  Nine"  Milo,  Hanser- 
lln,'^  str.V  saline  susp 
yolk  sac. 


INDOOR 

Rlckottssiae,  typhus 


May  be  transmitted  by 
OUTDOOR 

Entamoeba  I'llstolytica, 


cystic 


Air  dried 
C.  burnoti 


Air  of  goatory 


with  droplets  h dust  in 
us  to  transmission  of 

ophge  against  drying 


0 min 


Rocov,  0 

Known  infection  in  herd 
contominatoa  aLr  con- 
siderably. 


Colvin 

1932 

Kriss 

1948 

Ransom 

19^1 

Loff lor 

19ii2 

Kuonen 

1913 

Lennette 

1951 

TABLE  A /O 


THE  SUnVIVy\L  OP  SALMONELLA  SPECIES 
IN  THE  AIR. 


Pactor(B) 

Survival 

Reference 

EXPERIMENTAL 

S.  tvDhoaa 

^aper  allps  In  vapor  of 
35  gms.  phenol/1 OOOcu, 

Water  spray 

Ozone,  4 hrs. 

Ozone,  4 hrs,  22  C. 

Air 

S.  dysenterlae(Hlas  Y) 

Air 

S.  oaratynhosa 

Air 

S.  nullorum 

increasing  RH  from  15-P0 
rate.  01 van  RH  with  In 
Death  rate  inoreaaed, 
of  Increased  temp,  & HH 
mulatlve. 

Rocov,  0,  1 hr, 

Recov.  0,  27-30  hr, 
60  seconds 
No  effect 
8-2l|  hrs, 

8-24  hra. 

8-24  hrs. 

^ Increases  denth 
crease  from  28-37  C 
The  combined  effect 
appears  to  be  cu- 

DeOme  1944 

Klrsteln  1900 

Ransoms  1901 

Wells  1936 

Wells  1936 

Wftlls  1936 

DeOrae  1944 

InBooR  — 

S.  nullorum 
"V!fr,"g!rg,  RH  15, 

Air,  Pd  G,  RH  46^ 

Air,  37  C,  RH 
When  dispersed  from  brot 
air  Its  death  rate  was 
Indicating  that  certain 
od  with  bacteria  may  hei 
tivo  action 

50^  death,  27,5aec, 
50^  death,  approx, 

7 seconds, 

50^  death,  5 sec, 
h Into  dust-free 
greatly  decreased 
materials  dlspers- 
vo  a marked  protec- 

De  Ome  1944 

n n 

outdoor 

S.  tynhosa  ^ 

Direct  rays  of  sun 
S.  enterldltls  i 

Open  air,  broth  plate  ^ 

1 

1 

1 

] 

1 

1 

1 

1 

4-10  hra, 

Recov,  on  5 occa- 
I slons. 

! i 

1 

1 , 

1 

[ 

1 1 

Osier  1901 

Hewlwtt  1905 

TABLE  /I  n THE  SURVIVMj  OF  STAPHYLOCOCCUS  SPLCILS  IN  AIR' 


Factor(3 ) 


EXPERIMENTAL 
S.  albus 

0,5 "mg/l,  of  propyl one 
glycol,  R.H.  l\.V/o  ; 
Immed.  afto"  spray inr^ 

15  min.  after  spraying 
30  m n.  ” " 

60  ” " '' 


Survival 


Sprayed  Into  air,  R.H.  $0'^  Lethal  for  organisms. 
R.H.  on  either  side  of  " 

Sprayed  in  oorosol.  Safe^ 
in  R.TT.  l60-90'’'i  exerted  <iiislnf octant  action 


Control,  97^0  col., 
1 cu.  ft,  teHt. 
Control  9360 » 


II 


9260, 
3220, 


cubic . 

II 

II 


l^t, 


Prolongs  survival 
OKone  cone.  (O.Oii,  ppm) 


Exposed  to  II. V. 
U.V.  LICHT 

Suspended  in  air 


S.  aureus 

Dried  in  iiasal  secretion 
in  handkerchief'. 
Suspended  in  air 


Sprayed  into  air 
S.  citreus 


66  colonies  1 min. , 2 
col.  3 min. 

26,200  nrg s/sq.cm,  .uffij 
dlent  to  kill  nil  sus- 
pondod  hneto  -'ia  preseu1| 
with  expoaiu?:)  of  1 . 06p 
23,300  it ^.1/0)  ergs/cm- 
nscossary  for  steril. 
air. 


L'%  7/  surv/.  > 1 no. 
26,!?00  ergs/cm^ 

necessary  for  sterili- 
zing air. 

3 d. 


Exposed  to  U.V. 


102  col.,  1 
3 r 1 ; 1 1 . 


min,  6 col. 


S.  pyogenes  : 

Greater  num'.crs  released  |.n  dust  than  by  sneezing. 
SO/o  i^eduction  when  wearing  .eurgical  gown. 

S.  spp.  I 

Killed  rapidly  nt  70-9^;^  with  sjjrayed  HCIO. 

Bactericidal  effect  reduied  in  atraosphere  of  ex- 
tremely low  carbon  dioxide  content  (O.OOl;;#)  com- 
pared with  behavior  in  Na.  Organisms  In  finely  di 
persed  mixture  killed  mo^o  rapidly  than  those  in 
heterogenously  sprayed  p 
Wounds  crons  infected 


INDOOR 
S.  albus 


after  cloan- 


Air  dur  Ing 
Ing. 

Dried  on  glass,  l5-l6  C., 
R.H.  19~60^C,  Exp.  to 
Exposed  to  ozone  for  5, 

6 9 hrs . 


r tides . 

iB  of  28  surgl cal  wounds] 


Fo\md  in  air  during  1st 
•"c  2nd  hours. 


No  killing  or  Inhlbitiorj 
of  bacteria. 


Reference 


Bise 

19)|-li 

Dunklin 

194c 

Elfcrd 

1948 

Hart 

1939 

!C.  Sharp 

1933 

Sharp 

1940 

Duguid 

1^,48 

Sharp 
W 0 11  3 

1940 

1934 

Hart 

1939 

Duguid 

19).|8 

El.'.’ord 

Rountree 

394? 

1947 

Furthorer  1 9)4.6 


Gain-  valor  io 

191)i 


TABLE  /h/l  THE  SURVIVAL  01'’  STAr”YL0O0CCUS  SPECIES  IN  AIR 


Ref eronce 


further  or  194^^ 

Hort  193;’ 

Li  dwell  19S’0 

fl 

Phelps  1939 


Robertson 


Kopoloff  19?2 


‘i 

A 

V 

'i 

,1 

■i 


I 


f 

; 

(■ 

( 


I 

i 


Factor ( a ) 


Survival 


INDOOR  (GOUT.) 

S.  aureus 

Air  during,  v after  clean-.  Found  in  all*  <iuririf’;  1st 
Inp,  i 2f)d  hrs. 

>'ost  of  infoctionKS  fr-om  n'lr  C'^ntfU)!  in  ated  by  opor- 
utinp,  room  porsnnnol  p tiont. 

Floor  dust  Sovt^rnl  days. 

Survives  bott(!r  st  low  than  nt  Vilph  R.H. 


Air  of  operating  room 
S . s pp . 

R.H.  5-BO/j 

OUTDOOR 
S.  aure\ia 

Cone,  oalciurfi  ('b'loride, 

R.H. 


Survived  in  U.V.  lifiht. 

KaxiimiiTi  humidity  effect 
between  oO  i 7^,1 


Least  g.rowth  vj  ith  mini- 
i rium  lumildlty. 


TABLE  JtLX- 


THE  SURVIVAL  OP  STREPTOCOCCUS  SPECIES 
IN  THE  AIR 


Pactor(s) 

Survival 

Reference 

ALTITUDE 

S.  spp, 

Sprayed  vrith  5 ml,  of 

95^  killed;  53^  recov. 

Andrews  1940 

hypochlorite  sol'n. 

Oiled  blanket,  plates 
exposed  5 min.  during 
and  after  beating 

170  colonies 

Unolled  blanket,  plates 
exposed  5 min.  during 
and  after  beating 

1030  colonies 

II  If 

Experimental 

3,  oyogenes(Orour)  A) 
Exposed  to  daylight  in 
simulated  room  envlrn. 

252  min. 

Buchbinder  1942 

Dark,  simulated  room 
envlrn. 

65  hrs , 

tf  n 

Sprayed  in  air,  settle 
on  filter  paper,  day- 
light. 

6 hrs . 

Buchbinder  1941 

S.  oyo«enea(Oroun  B) 
Exposed  to  daylight  in 

66  min* 

Buchbinder  1942 

simulated  room  envlrn. 
Dark,  simulated  room 

132  hrs. 

envlrn. 

Sheep  blood  agar,  18  hrs. 

Remain  viable  in  dust 

buchbinder  1941 

37C.,  dark  room,  auap'n 
In  air, 

Expoaod  to  ultra-violet, 
1 min.. 

3 min, 

Air  and  triethyleno  gly- 
col, C02,  70F,,  RH  W 


Bactericidal  effect  of  ir’ediation  of  beta  strep, 
appeared  to  depend  on  bo :h  RH  and  the  susp'n  mod. 
Organisms  in  films  prepa  red  from  serum  broth  cult 
containing  dust  behaved  .ike  those  of  dust  and 
were  more  resistant  und »r  dry  conditions,  Org, 
in  films  from  extracts  o dust  or  from  serum  bro- 
th culture  were  more  sen  iltive  under  dry  condlt# 
S.  pyogenes (Group  C) 

Sprayed  into  air,  RH  00^, 

Sprayed  Into  air,  RH  a- 


bovo  or  bolovr  ^0% 
Propylene  glycol  vapor 
cone,  0,2mg/l,  RH  k-Z%, 

1 cu,  ft,  immediately 
after  spraying, 

15  min.  after  spraying 
30  min,  after  spraying 
6o  min,  ” ” 

Sprayed  in  aerosol.  Ozone 


of  room  at  least  2 
wks»;  some  impairment 
of  virulence 

9B  colonies 
12  colonies 

10-15  min. 


Rapidly  lethal 


Incroases  survival 


colonies 

If 


4166 
3120 
1760 
442 

In  safely  tolerated  cone 


Hart  1939 

Wise  1949 


Dunklin  1948 


Bigg 


1944 


(0,04ppm)  in  RH  of  l60-90?J  exerted  a disinfectant 
action. 


tf  It 

El ford  1942 


TABLE  W/j^(CONT«D)  THE  SURVIVAL  OP  STREPTOCOCCUS  SPECIES 

IN  THE  AIR 


Pactor(s) 


Refarenc* 


EXPERIMENTAL ( c on t ' d ) 
S.  nyoRen«^( Group  C) 


inf«ctloi 


.ons  mainly  due  to 
l,8u  In  diameter*  As  bn 
Incroases  from  l-12u  tM 
increased" 10,000  times 
Pulmonary  infection  occ 
then  URI. 

S»  pyogenes 

Sprayed  into  air 

RH  40-7  05^ 

Sprayed  into  air 

Exposed  to  room  environ. 


Oiling  blankets,  bed  line 
reduced  bacteria  and  hem 
during  bed  making  to  91 

S.  viridans 

Exposed  to  daylight  in 
simulated  room  environ. 

Dark,  simulated  room 
environ. 

Sprayed  in  air,  settled 
on  filter  paper,  sun- 
light 

In  dark  and  avinllght 

Wounds 

S.aalivarlus 

Sprayed  in  aerosol.  Ozone| 
(0.04ppm.)  in  RH  of  160 
ant  reaction. 

S*  zooepldemicus 

Atomization  reduced  chain 
of  viable  organisms  decij 
atomizing  nozzles  when 
no.  of  mo.  required  to 
borne  rotxto  than  by  direj 

RH,  HCIO  spray 

Irradiation  classrooms 

Non-irradiation  of  class 
rooms 

Strop,  ausp'n  in  air  rom; 
in  dust  of  room  with  a or: 
ence 


particles  smaller  than 
4torla  median  diameter 
aerosol  dose  had  to  be 
l|o  kill  of  animals, 
ilrrod  much  more  readily 


Sonkln 


1951 


Rapidly  killed  in  dry  IWalls 
atmos.,  but  protected 
in  moist. 

Disinfection  most  app- 
arent here. 

Many  float  for  many  hrs.| 
after  all  droplets 
have  evaporated. 

No  evidence  that  propor4 
ty  of  any  strains  were 
adversely  affected 


1942 


n,  garments,  and  floors 
olytic  strept,  of  air 
98%  belo^f  control  ward 


44  min. 

26  hr 8. 

5 min. 


Survival  ranged  from 
14-93% 

3 of  82  surgical  wound 


II  II 

Buchblnder  1938 
Buchbinder  1941 
Crulckshank  1947 


Buchbinder  1942 


Buchblnder  1941 


Rountree 


in  safely  tolerated  conclElford 
90%  exerted  a dlsinfect- 


length  by  50%,  Recov,  o 
eased  with  distance  from 
cone,  call  aUsp'n  used 
Jjnfect  was  larger  by  air- 
ct  nasal  roiite. 

Killed  rapidly 
207  colonies 
31fl  colonies 

s|in  viable  a t least  ?.  wks| 
& impairment  of  virul- 


teheehmelster 


1947 

1942 

1950 


Elford 

Gilcreas 


1945 

1950 


Buchbinder  1941 


TABLE  X /L.  (CONT»D)  THK  SURVIVAL  OP  STREPTOCOCCUS  SIECIES 

IN  THE  AIR 


Pactor(i) 

Survival 

Reference 

INDOORS 

S,  pyoRonot 

ll4.,l4.00-7,34^»000/cu.  ft. 
of  air 

! 

1 

1 

Blankets « ENT  ward 

Rountree 

1946 

Use  of  oil,  water,  and 
Rorcal  emulsion 

Reduced  no.  In  air  33- 
63^ 

! Shechmelster 

1 1947 

Air 

48  hrs. 

Wells 

1935 

Dust 

2^  das, 

67^  of  165  samples 

White 

1936 

Floor  dust 

Williams 

1949 

Air  from  patient  with 

cellulitis,  PM, 

AM. 

while  making  bed 
vihilb  making  bed  briskly 

3 recovered 

4o 

6 " 

14  " 

Wllllts 

194:1 

Room  air,  scarlet  fever 
ward,  blood  agar  plates, 
exposed  to  air  3 hrs. 

AM. 

Afternoon 

PM. 

334  colonies 
228  colonies 
19  colonies 

Allison 

1937 

Air  In  infant  ward 

Total  counts  for  air  In 
UV  wards  consistently 
lower  than  control  vrard 

Brooks 

1942 

Air  in  scarlet  fever  vrard 

Absent  at  night,  rise  in 
AM,  slowly  falls  in  PM 

Brown 

1937 

Pound  In  congregation  In 

Buchblnder 

1936 

cities 

Dxist 

Several  weeks 

Crulckshank 

1938 

Oiled  beds 
Unolled  beds 

26  of  307  cult,  positive 
160  of  441  ”»  positive 

Dingle 

1946 

Droplets  from  cough 

39  of  87  pts,  were  th- 
roat carriers 

Duguld 

1946 

Hospital  dust,  air  settl- 
ed on  filter  paper  in 

Petri  dish,  dark 

sunlight 

65  hrs. 
4 hrs. 

Oarrod 

1944 

Hospital  floor  duj't,  R.T, 

195  das. 

dark 

II 

diffuse  sunlight 

Bactericidal 

II 

Air  In  dormitory 

Air  In  movie 

Air  In  school  room 

Air  In  recreation  room 

Infections  appreciable  on 

0,22  Inf,  partlcles/cu. 
0,33  Inf .particle s/cu  ft 

0.63  ” " " 

0,38  ” " ” 

Ly  vthen  premises  occupied 

i-Green 

1945 

Diminished  to  low  level 

7ory  viulckly  after  vaca- 

II 

If 

tlon. 

Information  relative  to  o 

scurenco  In  air  of  hosp. 

Hamburger 

Nasal  carriers  desperse'  8 
as  do  throat  carriers  al 

D-lOO  times  as  many  strop 
:>ne. 

Robertson 

1947 

Some  influence  of  humldlt 
pneumococci (10),  but  off 

f on  death  rate  as  in 
ict  less  pronounced 

Robertson 

1948 

TABLE/y  /a^(CONT«D)  THE  SURVIVAL  OP  STREPTOCOCCUS  SPECIES 

IN  THE  AIR 


Paotop( a) 


INDOORS ( cont*  d) 

S.  pyogenes 
Talking 
Relative  dry  air,  saliva 
suspended,  trio thy lene 
glycol  vapor 
Air,  low  RH,  saliva, 
suspended  In  air,  tri- 
ethylene  glycol  vapor 


Droplets  from  coughing 


Blankets 
Floor  dust 
Array  barracks,  air 
, low  In  winter  and 
with  posltlvo  culture  s 
eat  counts  obtained  dur 
Air  and  dust  In  hospital 
wards 

Air  in  barracks  during 
heavy  activity 
Air  in  barracks  diirlng 
moderate  activity 
On  floor,  potri  dish, 
dark 

diffuse  light 
Sprayed  culfure 

Air,  single  noaeblow  by 
carriers. 

Air,  coughing  by  carr- 
iers. 

Sneezing  by  carriers 
Triethylene  glycol,  RH 
40-50^,  bed  making 
Air,  hospital  ^-rords,  gly 
col  vapor 

Air  after  shaking  cloth 
S.  pyogones( Group  C) 

Ultra  violet 


Freshly  atomized 


RH  15-20^,  floating  in 
In  air  for  5 hrs. 


Survival 


Highly  susceptible  af- 
ter 5 hrs,  desiccation 


Slower  rate  of  kill 
after  desiccating  20  h 
Practically  none  expoll 
ed. 

> 4 moB  • 

Several  das. 
Contamination  high  In  spring 
sumner.  Bedding  of  persons 
lovfod  higher  count.  High- 
.ng  max,  activity. 

Prom  w ar  wound  infect- 
ions 

40/10  cu,  ft,  of  sir 


2/10  cu.  ft,  of  air 


20^  alive,  l4  das. 

alive,  <7  das 
Practically  all  settled 
in  4^^  hrs. 

Millions  recovered 

Relatively  f9v»  rooov. 

Vary  fevr  recovered, 
P8,6-04'^  reduction 

Diminution  of  bacteria 
of  32-709^  during  per- 
iods of  glycollzation 
Persisted  over  15  min. 

In  low  cone,  of  air, 

UV  markedly  reduced 
bacteria 

Not  killed  as  fast  as 
those  in  low  humidity, 
floating  for  5 hrs. 
Killed  twice  as  fast  as 
those  exposed  after 
atramlzatlon 


Reference 


Robertson 

Robertson 


1948 

1951 


•Robertson 

1948 

^^obertson 

Lldwell 

1947 

1950 

Looall 

1948 

Miles 

1940 

Miller 

1948 

Phelps 

1939 

Hamburger 

1946 

Hamburger 

1945 

Hamburger 

1945 

Duguld 

1948 

Henle 

1942 

Rob opts on 

1951 

TABLE  /f  / 1,  ( CONT ' D)  THE  SURVIVAL  OP  STREPTOCOCCUS  SPECIES 

IN  THE  AIR 


( 


Pactor( a) 


INDOORS (cont‘d) 

S,  pyogenea  (Group  A) 

Bedalng  and  floor  duat 

Air 

Air,  droplet  nuclei  ex- 
pelled by  aneezlng 

Vapors  of  lactic  acid, 
mandolic  acid  fie  trieth- 
anolamine, RH  705S,  15- 
21  C. 

S.  app. 

Air,  duat,  R.T.. 

Duat 

Blankets  and  air 

Glycol  vapor 

Room,  floor  & blankets 
treated  vith  trlethylenej 
glycol 

Survive  better  at  low  tha|n 

Duat,  oiled  linens  and 
floors 


lat  hour  after  cleaning 
Air  drying 

OTEooEs 

S.  pyogenea 

Air  after  shaking  clothes 
S.  app. 

Air,  drying 


Survival 


Reference 


k das 

37^  cu.  ft, 
^0/fe,  20  min. 


Gave  good  kills  of  org 
in  sprayed  saliva 


2 wks. 

Long  periods 
Many  months 
Caused  70^  reduction 
in  bacteria 

90^  reduction 

at  high  RH. 

Survive  19  wks.  92. 3?^ 
reduction  during  bed 
making.  79.11^  roduct, 
during  sweeping. 

Pound  in  air;  not 
found  after  ?.  hrs. 
Many  moa. 


Persisted  over  1^  min. 
Many  mos. 


Lemon  1944 

Robertson  1946 

Lovelock  1944 

Phelps  1941 

Pressman  1937 

Robertson  1944 

tf  fl 

Lldwell  1950 

Bigg  1947 

Purtherer  1946 
Ernat  1900 

Duguld  1946 

Ernat  1900 


I 


TABLE  /4  /i  THE  SURVIVAL  OP  VIRUSES  IN  AIR 


Pactor(s) 


Survival 


Rtjferenoo 


ALTITUDE 

Nxuneroua  viruses  are  carrJ 

the  atmosphere,  many  of 

hy  llffht  or  heat. 



Influengia 

Vapors  'of  lactic  acid 


Moisture,  stagnatlnpi;  mol 
alkaline  substances  in 
dence  of  grippe.  Press 
in  the  air  and  dry  clos 
grippe  epidemics. 

Dust,  drying 

Air  of  axporlment;;il  tank 

Aerosol  over  wata  • (PRB) 


Influenza  Irus  dlsporsei 
quickly  it  I hiynid  than  li 
bright  daylight  increasi 
sprayed  organisms  die  oft 
5^>-57C.  for  30-14.5  Tt\Ln. 
Atomized  suspension,  R.H 

50-.^ 

Atomized  ausperis ion,  R.H 

30-805^ 

Atomized,  dialysed  susp. 

R.H.  $0% 

P.7-P.9  C.,  R.H.  80-90;? 

” ” 1^5-55< 

” " 17-Phfo 

Dust  dried  in  floor 
sweepings.  iPR8) 
Vaccinia 

ChorTo- allantoic  ramb, 
ohick,  sprayed  in  air 


od  along  with  dust  into 
which  are  not  killed 


Sterilized  nebulized 
allantoic  fluid  Infusec 
with  influenza 
at  air,  ammonia,  ^ other 
the  air  increase  incl- 
nce  of  acid  substances 
r weather  oountor-rct 

Inoc . 1 X 10^^  after  dr;y , 
Recov.  0,  3 wks. 

1 h. 

Reauction  in  infectlvi- 
ty  90^  30  min;  99%,  1 
1005?,  3 h. 

d in  air  is  killed  more 
n dry  air.  Exposure  to 
as  the  rate  at  which 
f in  air. 

Necessary  for  Inactivat. 

• 

Death  of  2Z,$%  exposed 
mice 

• 

Death  of  100^  expo.  od 
mice . 

Death  of  nil  " mice. 
Infect Ivity  time  1 h, 

" " 6 h. 

" ” 2h  h. 

22  h. 


Lange  192 1 


Catalano  19i48 


Cauer  I9I49 

Edwards  19i4l 

" 1943 


Hirst  1943 


Lester  1948 


Loosli 

ti 


19.' 1 3 


8 hrs , More  susceptible 
to  room  environ,  tl)an 
strep. 


Virus  retained  virulence  in  all  gases  for  3 wks. 
when  kept  at  4 C.  Becane  avirulent  at  37  C. 

Pure  oxygen  or  carbon  dioxide  gss  destroyed 
virus  at  18  C, 

Suapeptlbillty  of  virus  bo  irradiation  Is  of  samej 

order  as  bacteria 

INDOOR 

,Influenza. 

Sterile  blar^ket  Survlvus  drylnp; 


Buchbinder 

1941 


Noguchi  1918 
Rivera  1928 


Krueger  194^ 


'^ABLE  a /i  THE  SURVIVAL  OP  VIRUSES  IH  AIR 


TABLE  4/i  THE  SURVIVAL  OP  VIRUSES  IN  AIR 


Pactor(a) 


Survival 


Ref orence 


OUTDOOR,  CONT. 

Infectious  .laimdlce 

D\aat‘  borne  dried  excreta 
isms  . Less  common  in 
Influenza 

Mucin  in  air  A) 

Air  current 

Dried  with  talc  in  air. 
R.H.  80-90j!^,  Icc.  clycoll 
vapor 
Dry 

Smallpox 

Epidemic  in  India 
Hiunidity  rise 


carries  caj  sative  organ- 
tow'is  than  rural  district^.  Anderson  1947 


Racov  0,  !:>'  h. 
Recov,  2,  Y2  h. 
0,  22  d. 

< 24  h. 

36  h. 


Parke- 


Post 

ti 


19141- 


1945; 


Low  absolute  huridlty  f 
R.H.  low  absolute 


Lower  incidence  of 
disease 

4ivors  disease. 

Seasonal  rises  In  inci- 
dence 


Rogers 

ti 


g,.uEral 

Air  borne  viruses  killed  As 
aalivarius  by  HCIO  miati, 
Animal  viruses  have  sensi'ii 
at  wave  length  of  23'37  A« 


1928 

I9I1.O 


easily  as  Strep, 
vity  similar  to  bacterloj 


Means  of  obtaining  Infect 
Waring  blendor  2)  Op^niA 
3)  Inhalation  of  infect! 
disposal  of  cv r.taminated 
handling  of  autopsy  mat'. 


ons  in  laht  1)  Viy  use  of 
sealed  glass  ampoule, 
ous  Tnaturial  ij.)  Inadequatj 
material.  $)  Inauaquate 
■irlal 


Edwards  1943 
Hollaonder 

1943 


Smadel 


1951 


TABLE  //  ri-  THE  SURVIVAL  OF  YEASTS,  T-OLDS  <'c  FUl^QI  IN  AIR 


Pactor(a) 

Survival 

Reference 

ALTITUDE 
Al  t a marl  a 
Air 

Pound  up  to  16,000  ft. 

Stakman  1923 

Black  stem  ruat  aoores 
viable  xip  to  1 0,000  ft. 

in  the  air. 

Cotter  1931 

Cronertium  ribicnlo 

Air  ^ 

Pound  110  miles  beyond 
limit  of  pi.nes 

Pennington 

1925 

» . Lachmund  I914.I 

Aeclosporea  in  air 

-’arrled  3U0-i|.n0  miles 
in  Pacific  coast  regior 

Punni  imporfecti 

Air  1 

Pound  at  36,000  ft. 

Rogers  1936 

Qymnos  p oranKiuJ’i 
Air 

Viable  basidlos  1)01*0 3 
foxind  up  to  2,000  ft. 
Oood  via'. >le  sev.  d. 

MacLachlan 

MolBa 

Pound  above  IV, ^^00  ft.  i 

n the  air 

19o5 

Proctor  1V3N 

Pestalazzia 

Air 

Viable  Si, ores  at  18,000 
ft,  over  Washington,  D. 

C.  Meier  1933 

Pxiaeocr:/  topus  Kauinanrii 
Spores 

blown  across  North  Soa 
from  Exxgland  to  Dorimarl< 

:.!?uchwald  1939 

Puooinia  itrerilnis 
Spores 

! 

Blown  from  south  into 
Dakota  Munn.  in  2 d. 

Lambert  1929 

Spores  collected  at  10, C 
Southern  U.S.  in  spr  np 

00  1 16,500  ft.  in 

• 

Proctor  1942 

Trltlci  carried  K 

without  loiiiri{£  viuoilit 

ilimetera  o\or  sea 

J • 

Rouasakov  1926 

Air,  blown  from  South  to 

Dakotas  Minn,  in  2 d. 

Stakman  193^1- 

RaKweed  pollen 

Air  durini-;  flif^hts. 

Groutest  cone,  pollen  at 
3500  ft. 

Holse  I94O 

Rust 

Spores 

Prom  height  of  5»000  ft, 
in  30  v'i,  wind  may  trov 
up  to  1,20^  mi. 

el 

1 Proctor  1942 

Spores 

3 mi,  >xigh 

Stalcman  1923 

Sclerospora  phll J.i'pinens is 

Air 

Viable  spores  travelled 
8-80  ft. 

W'jston  1923 

Uredaospores 

Foxmd  viable  up  to  5,000 
Manitoba  which  was  as.  u 
carried  horizontally  fo 

ft.  at  Norway  House, 
mod  that  tliey  hod  been 
r at  Iwast  200  i-l. 

1 

Bail  Oil  192'’ 

Of  leaf  Rtm;:  rust. 

Pound  up  to  10,000  Ft. 

StulOi'an  1923 

Ov^noral 

The  influence  of  vjinds  a 
of  solid  particles  is  o 
pared  to  lapse  rote. 

loft  on  the  concontratiox 
f rinor  importance  com- 

Heise  1V49 

'i'ABLE  4 / BURVl'.AL  OF  ‘ 1 OLOo,  FlJiXii  i.:  AIR 


Pac  ) 

Survival 

Reforcncy 

ALTITUDE 

Oenei'al,  oout. 

Pour  apocioH  f/v’ 

toi.ii),  i;i  -AO  G. 

ju  A-itort.Lcii  v/lioro  l oan 

EcLoau  ItlG 

experiKertaE 

llus 

E'<;'OsTiT”to  i',7. 

10  fill,  inuuni,  col.. 

20  i i ..:i. , 0 col . 

Ilcrt  1,p2 

Guotric'uui) 

ExposetJ  to  U.V4 

P ' ijinui''.  col.. 

0 -in.,  0 col. 

II 

Moiiilla 

J^posed  to  U.V. 

1 rii.'l.,  20'J  Col., 

^ 1 • ' X • 1 • ^ 0 ('  X • 

<1 

PiUCO  ‘ 

Exposed  to  U.V. 

1 Mill.,  iiUlUM.  C..1.,  5 1 

i.  i ! • 

! 

2'.),  10  0 ci.ll. 

n 

Pc3'  icilliur'^ 

Exposed  to  Tf.V. 

10  iiixn.,  innutr.  col., 

1 

20  : in . , 0 col . 

t! 

Pink  jo&at 

snr'>y 

Vi '.bio  lO-l/'i  d. 

Kirstein  1'.  O' 

i3»0  i.7  4t  v’UJ'i  J * : • a tJ  i o 

Ozone,  R h. 

60  .see. 

Ransono  '1.901 

II'.'DOOR 

Flint:;!  parall.^lod  b;  n tori  a 

u;:c'iiit  ro-'o  abundant  in 

toxtiln  t’oo»'^  '•  1,  th  otf.ii  R 

.H. 

Pmtusr  193p 

OUTDOOR 

Go^cicUoldeii 

i'hlainydosi  o re  s ! n d u;j  t . 

La.'j  ily  Lrciisportcd  in  ■ ! 

r.Dicllson  ItoS 

Infoctioa  rato3  hl:;;ho!jt 

in  dry  fioiisons  '•  dusty 

f’.oiKi  1. LioiiO  . Rolo  in 

ice  lion  uD:uMi:  tiod  bp 

uuot  control.  3outlv;i’n 

cl.L'i.iii  O.S  have  M;1  ust  iru" 

• 

ru  bo . 

Smith  iV'p'^ 

Isolds 

Si’oros  i.11  oen  air 

Loa;;  - r.ioda  od  t '.no 

Sobol  1 I'-qE 

i'ucc  1 f j.a  melvaccarui'i 

Foist  atinospboro , 1 G, 

pO  d. 

Cohen  19ii-6 

rhjtorionas  maL  vacera 

Wind-Blown  rain 

In;p 'rtnnt  iuctor  in 

dxsS'n'iincti  on 

Paulwattcr 

, 

1917 

d;'Orotr  j ohoaia  j 

Ip -20  0.,  Uiph  R.II.,  ' 

ThOv'Jc  c./i'.citions  I'.iUa  t 

ttbund.'int  rainfull  J 

(..xiat  sovoral  days  for 

1 

i 

Gont  rnc  t.i  on  oi'  di .sc us c . 

Maclcinnon  1949 

i 
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Molds,  Yeasts  and  Fungi 

1 

B9 

Mycobacterium  species 

5 

BIO 

Micrococcus  species 

2 

Bll 

Neisseria  species 

1 

B12 

Pasteurella  species 

1 

B13 

Rickettsiae  species 

1 

B114. 

Salmonella  species 

3 

Bl$ 

Shigella  species 

2 

B16 

Streptococcus  species 

2 

B17 

Vibrio  species 

1 

Blfl 

Viruses 

5 

B19 

Oeneral  bacteria 

1 
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table  B!  ;rnE  survival  op  bacillus  anthracis  in  the  body  (and 

BODY  MATERIALS) 


Pac  tor(  3 ) 


Surv Ival 


Reference 


1“9  mo3. 
35-159  d. 


Spores  in  7 of  19 


blood  ■ ~ ~ 

Blood,  R.T..  moist  spores  60-90  d. 

” " dry;  •’ 

G.P.  blood,  25“30  G.,  openec 

before  decomposition  1-9  mos. 

O.p.  Blood  stored  5-10  C.  35-159  d. 

PECKS'  ] ^ 

9.P.  feces  Spores  in  7 of  19 

SKIN  uy  ' 

100"^  Inhibited  Tuinnal  human  skin 

URINE  ■ ^ 

U*ine  of  (t.P.  Vegetative  forms  In  19 

of  28  cases 

TISSUE,  GENERAL 

Muscle,  G.P.,  25-30  C.,  Oper - 
ed  befcre  decomposition  6-7  mos. 

Liver  k bona  marrow,  G.P, 

25-30  C.,  opened  before  de- 
composition 6 mos. 

Spleen,  opened  before  de- 
comnosition,  R.T,  3 mos. 

Stored  5-10  C,  . 14 -■^4  d. 

Continuous  freezing,  spleen, 

-60  to  -70  C.,  G.P.  Destroyed  in  90  d. 


Carcass  of  unopened  G.P., 

25-30  C. 

Carcass  of  unopene4  G.P., 
5-10  C. 

Carcass  of  unopened  G.P., 

R.T. 


Pew  alive  in  72-80  h. 
4 wle  . 

9 mos. 


Mlnett 

II 

1950 

Stein 

11 

1947 

Stein 

1947 

Hill 

1933 

Stein 

1947 

Stein 

1947 

TABLE  THE  SURVIVAL  OF  BORRELIA,  LEPTOSPIRA,  SPIRILLUM  AND 

TREPONEMA  SPECIES  IN  THE  BODY.  (AND  BODY  MATERIALS) 


Factor (s ) 

Survival 

Reference 

BLOOD 

B»  reourrentls 

Deflbrlnated,  refrlgoratec 

' 

sheeps  blood 

195  d. 

Beck 

1^37 

Infected  blood,  Inoo.  !ntc 

physiol,  saline  with 

boiled  egg  white 

Still  viable  3-4  wks  . 

Krantz 

1925 

At  ice  box  temp. 

» ” 4 d. 

Rat  blood,  -i+B  C. 

Remained  infective  for 
mice  27  mos. 

Lofgren 

1945 

Icod  blood 

1 wk. 

Toyoda 

1931 

Rat  blood,  -12  to  -20  C. 

Infeotlvity  rnuikkedly  re- 
duced, 6 wks. 

Turner 

1939 

” ” 1-78  G.,  Cooling 

2-6  h.  - ' 

n 

-78  G.  ti)  0 C\ 

2-6  M. 

tt 

Clotted  blood,  R.T. 

6 d. 

Wynns 

1935 

0 0,  . 

100  d. 

■fi 

L.  Icterohemorrhaglca 

1916 

Blood,  def ibrinated,  R.T. 1 

Still  Inflective  7 d. 

Uhlenhuth 

light  of  day,  C. 

" ” 15  min. 

II 

S.  minus 

Frozen 

1 yrs. 

Turner 

1939 

3.  rub rum 

Sterile  rabbit  blood  suap, 

at  least  5 yrs. 

Probiaher 

1947 

T.  pallidum 

Occasionally  at  48  & 72 
hrs.  Not  after  72  hrs. 

Cltrated  blood  Se  plasma 
stored  at  5 0. 

Bock 

.1941 

Hxunan  blood  & plasma,  ^ C, 

72  h. 

Ivolmer 

1942 

Serum  exudate  from  chancrf 
R.T. 

*121  d. 

Lacy 

1921 

10^  rabbit  serum,  -20  C. 

2 mos. 

McLeod 

1949 

Frozen  plasma,  -7®  C. 

3 yrs. 

Ravitch 

1942 

Blood,  ice  box. 

96  h.  non-inf ectlous 

Ravltch 

1949 

Plasma,  -20  C, 

>48  h. , non-  ■" 

n 

Rabbit  plasma,  5 C. 

6 d. 

Selbie 

1943 

Blood  of  G.P.  , ll;  C. 

2-33  d. 

Sargent 

1938 

« " 20  C. 

" " • 0 c.  1 

33-60  d. 

II 

7-8  wks. 

II 

" " 10  c. 

1 d. 

tt 

Cltrated  whole  blood,  5 CJ 

72  h. 

Turner 

1941 

Plasma,  $ 

62  h. 

ft 

Human  nerum,  physiol.  sslJ 
under  vaseline,  R.T. 

ne 
5 d. 

Zurhelle 

1927 

In  organ  parts,  R.T. 

3 d. , 17  hrs . 

« 

FECES 

Borrella  spp. 

Peces 

4 wks . 

Oowen 

1945 

L.  Icterohomorrhaglca 

1918 

Feces 

24  h. 

Noguchi 

Urine,  Body  flemp. 

wks . or  mos . 

Sawers 

1938 

jwrr  ^ 

L.  Icto'n^i&irnorrhagica 

1916 

R.T. 

Still  Infaetloua  2 d. 

Uhlenhuth 

TABLE 


SURVIVAL  OF  fWiRELLA^  LEPTOSPIRA*  SPIRILLUM  AND 
TREPONEMA  SPECIIiiS  iN  THE  BODY.  (CON’T)  (AND  BODY  MATERIALS) 


Pactoi'( « ) 

Survival 

Reference 

[SSUES,  Oj'.UIvOiL 

B..  duttou;. 

' MoUiio  tissue,,  -Td  0. 

3 mo .. 

Oag  1939 

Proven  rabbit  toatoa.  7dC 

, 1 yr„ 

Turner  1939 

Lo  ic  toroh(!rnorrh4|<-rlca 

Infoctod  'U.P.  1 l,v(ir  iti  ice 

26  d. 

Buchanan  192? 

’VI  uF  1 1 ig  i i V 0 r ’0  oclca  „ 

- ,^0  I’  , ,f'r'V^on 

"iahlfi  virulent  100  d. 

Stravitsky  1945 

Whole  pig  liver  blofika,. 

lyoi'h  ■ 1 I ”ad 

0 

If 

Fro/.cu  rabbit  tcst'.s,  78C 

. 10  mos. 

Turner  1939 

Dr  c onipo  s Ing  liver,  R „T  .. 

27  hrs. 

Uhlenhuth  1916 

Infijcted  liver,  H,,T. 

3 d 

ti 

Infected  0., P„  liver  , ico 

26  d.. 

II 

Treponema  pallidum 

Dead  autopsy  tissue,  5 G, 

3-5  days  afte.r  death 

Armuzzi  1926 

Rabbit  testis,  Vieavy  susn 

72  hra„ 

Block  1941 

Citratod  rubhlL  blood, 

3 ',0  0,.,  mixed  with  tostis 

96  hra  , 

It 

Testicular  in  vitro  x -trac 

t , 

39  C, 

5 hrs , 

Doak  1932 

)l0  c 

' 3 hrs ,. 

II 

4i  c: 

2 hra  ^ 

ti 

4i.‘^ 

1 hr. 

M 

Dead  bodies  of  cong . sypliJ 

- 

11, *0  children.,  refrig.. 

2i|  -36  h„ 

Hoffman  1926 

Ruobit  testoa  dried  In 

vacuo  from  froz.ui  state 

nil 

Hampp  1951 

Corpse  of  nong , eyphllltlc 

child 

5 d. 

Koch  1911 

Corpse  of  " " J 

child,  dried  ,1ncuh  370 

Recov.,  0 72  hrs. 

Kratzeisen  1923 

Liver  *'•  sterilized  ‘>all  l 

i Recov  0 7,2  hr-s. 

•« 

Liver  with  houllloh. 

j II  «i 

Liver  w.Itb  IJrCf  I 

1 II  It 

fl 

Liver  wltl  I 

1 M It 

M 

Human  autopsy  m;:  i,,,;rlal  , 

Ice  box 

' l|.B  hrs  . 

Lacy  1921 

Chancre 

( d.. 

It 

Saline  susi).,  rabbit  te.s-  I 

tide,,  n„T,  ! 

93^  d. 

It 

Rabbit  tostide,.  ice  box-,  i 

d ,. 

II 

Rabbit  testes,,  5 9g 

' Recov.,  in  3 d» 

Levadltl  194^ 

Autopsy  mat'l.,  from  syphi-; 

i 

1 

litic  patients,  9 C. 

■ Rocov,.  in  3 d. 

fl 

Susn,  rubbil  tu.stes,  ••7^ 

[o  i.  yr. 

McLeod  1949 

liasua  su,sp  ,, , 37  0,  ' 

1 ?)\  h„ 

Mlyao  1930 

Syph.llitic  mat’l,  10  C„ 

3 b, 

Nelsser  I9II 

” ” ice  chest  | 

2/j.  h. 

ii 

" " [|.rj  0,  i 

30  m • ri, 

M 

Tissue  susp  . , 0 0. 

2 h. 

Miyao  1930 

Autopsy  mat’l. in  iee  box« 

7 d. 

Rosahn  1935 

Rabbit  testes 

10  d . 

Perry  194^ 

TABLE  3Ps  VH'VJ  SURVJVAL  01''  "0I{RRr,I,\,  LETTOSPJRA,  SPIRILLUM  AND 

TRl'R’ONEMA  SPEGIES  LN  Tfri'l  BODY  (GON’T).  (AND  BODY  MATERIALS) 


Pac  tof  (3 ) 

TlSST’ESs'  ^'KNisRAL,,  GON  'T,, 
Treponema  £ ?ri.  1 Iduni 
Pro  zon  3 ~ 

To  a 1 1 0 ul nr  ex t ran  ta , 

II  II 

II  II 

Teat.03  of  rabbit:.  -yB 
Exc  j.aed  nhnnc re , R , T , 
Dried  in  vacmmi 
To  pertem**'^ 

37  t is  31.16  Buapo 

Testicular  extracts,  - 
Te.stes  of  rabbits,  -73 


-10  C 
20  C 
■73  C 

c,. 


7B 

C. 


Survival 


13  Jnoa , 

2 rno  n „ 

II 

1 yr . 

1 yrs  , 

60  hr  a . to  L|.  d, 

2 ii., 

1 yr„ 

3 yrso 


Reference 


Turner  1938 

II 


Tumor 


'939 


Zurhelle  1927 


Miyao 

Turner 

Turner 


1930 

1938 

1939 


I 


table  the  survival  op  brucella  species  in  the  body  (and 

BOi)Y  materials) 


Pac  ) 


Bo  abortua 

Sterlio  rabbit  blood  suap 
Do  bronohlaept.ica 

Sterile  rabbfE~"blood  suap 
th  culture.-  0 C. 

B„  inollt^nslg 

Sterile  rabbit  blood  ausp 
Normal  skin  of  Cr.P,  more 
entry  than  d1.p;esti'e  tra 
Bo  app 

Citrated  l|.Co  from  con- 
valeacin.n;  .pafent  . 

B..  sula 

Sterile  rabbit  blood  sua 


B.  abortua 

Isolated  from  patient's 
stool  in  10/^  CO,  , aarobi 
ally  and  puoerobloally 
Bo  mel itena is 


Dry,  sterile  manured  soil 
moist,  sterile  " " 

” unstorlle  " ” 

Bo  suls 

Feces,  stor'le,  dark. 


SKIN 

D.  mel  1 tens  is 


Inhibited  on  normal 
human  skin 


URINE 

D»  mel  i tens lo 
“Tavorahle  colidi  v.ioAS? 
Urine  ccn  tan  witti  dust. 


TISSUES,  ^'ENERAL 
Bo  abortus 

Uterus  of  now,  PcFn 
Uterine  oxudate  ” 

Ho;;,  lymph  nodes  . 

Dogs  fed  aborted  fetus, 
placenta  lymph  nodes o 
Bo  melltensls 
Uterus,  goPo 
Colon  at  autopsy 

Bo  suls 

37' '39  Co,  In  V Ivo 

Hog  tissue,  -10  F„ 

Spleen 

Swlno  tissue,  ■ iO  P, 
Spleen,  ifO  F„ 


Survival 

Reference 

At  least  $ yrso 

Frobisher 

1914-7 

9 yrSo 

il3  d. 

Hampil 

1932 

3 mos . 

'ulnerablo  to  Bo  melltenai 

Pro  bisher 

■19l;7 

**•« 

Hardy 

1^  9 

6 mos  0 

Spink 

1950 

3 mos  . 

Fro  bisher . 

i.  914-7 

Surviving  in  l6th  month 
1-  of  infection. 

Amoss 

1929 

72  d. 

Horrocks 

1906 

7 d. 

H 

20  d. 

M 

1 

100  do 

Anonymous 

1933 

100  d 

Cameron 

1933_ 

Hill 


9 mos . 
">  mos. 


Virul'int  1^1  do 
6 d.. 

More  prevalent  in  cold 


Did  not  persist  for  nro 
longed  periods  0 
Still  viable,  30  d. 
Recov.  amall  //..  i|.0  do 
RocoVo  good  %,  4-0  d. 
d, 


TABLE  -BY  the  SirRVIVAL  OP  CLOST:;  ■' DIHM,  CORYNEBACTERIUM,  HEMOPHILUS, 
LACTOBACir.LUS,  MALLEOMYC RB , M J nuonACTEniUM,  PROTEUS,  PSEUDOMONAS, 


SBRRATI-A  .'!c  -ERYSIT®r,OTlIR,[X  IN  '.I 

fTE  noDYn  -^AWD-BODSL-MATSH: 

rAl^.) 

Pnntor(i3) 

Surv1 val 

References 

BLOOD 

Clostridiimi  i-etiini 

Preo  si'dros  from  Hniinals 

'dyln,"  of  tetanus,,  Injeet, 

aubr\itonoously 

Recov,  up  to  17th  d. 

Canfora  1907 

May  nenaln  dormant  at  slto 

of  injection  for  as 

lonp,  as  1|  TiioSo 

Francis  1914- 

Ooryncbac terlum  p,seudotuber- 

oviIohIs  (pre.Jaz'-tlocard) 

Ilofso  shi'Utti  in  flask,  lif'l' 

L 11  mos . 

Urbain  1930 

" " " dark 

13  mos , 

t» 

" " teat  tnhfi,llgV 

,t  1 mo. 

II 

" " '•  dark 

11 J mos 

II 

Corynebanterl.um  diplithorlao 

Washed,  dried  in  .sunllpiht 

( serum) 

121  d. 

Abel  1893 

Sterile  rabbit  blood  a nap. 

Hundreds  of  strains 

survived  13  yrs. 

Frobisher  1947 

Hemophilus  inflaen^a# 

Sterile  ral^Sit  blood  snap., 

6 wka . or  less 

Frobisher  1947 

Blood  broth,  -l^  C, 

2i-  hrs . 

Hairipil  1932 

” • -20  C. 

hrs. 

•• 

Hemophilus  pertussis 

Sterile  rabbit  blood  susp. 

6 wks.  or  less 

Frobisher  1947 

Lactobacillus  acidop>)llus 

Sterile  rabbit  blood  ausp^ 

At  least  5 yrs. 

Frobisher  1947 

Microbacterium,  app. 

Sterile  rebbit  blood  .ausp,, 

5 yrs. 

II 

Proteus  spp. 

Ste'rilo  rabbit  blofd  .susp„ 

3-9  yrs. 

11 

Pseudomonas  spp. 

Sterile  rabbit  blood  .au.sp. 

9 yrs  . 

H 

PECES 

Cl.  botullnuifi 

Pecos 

No  survival 

Burke  1919 

ff 

No  survival  in  human 

j 

animal  follcw  Ing  in- 

gosti  on 

Easton  1924 

Cl.  tetani  I 

i 

Dog  feces  | 

1 .16  d. 

Sornjanl  I89I 

Malleomyoea  ];seu(b>?:i"llel  | 

26-27  (''•>  oultupe 

27  d„ 

Fletcher  19?8 

2i^  h„ 

II 

2)|  h. 

It 

SKIN 

Proteus  spp. 

1 

Proteus  species  survived 

.o’  - T,  nn  flicin  than  on 

1 

filter  paper 

Hellat  1948 

1.6^  inhiPited  on  normal  i 

ikln 

Hill  1933 

Poeudomonrs  aeruginosa 

Survived,  longer  on  .skin  tl 

an  on  filter  paper 

Hellat  1948 

Inhibited  on  normal  i 

ikin 

Hill  1933 

TABLE  SURVIVAL  OP  CLOSTR TDIim,  CORYl'IEBACTERIUM,  HiiNIPHILUS, 

LACTO -VS,  MAT,LnO>TYCES,  NIORO’' ACTERIUM,  PROTEUS,  PSEUDOMONAS, 
SERRATIA  • ERYSIPELOTHRIX  IN  TTIE  BODY  (AND  BODY  MATERIALS) 


Factor (3) 

Stirvlval 

Reference 

SKIN  (CONT.) 

Serratia  marceacena 

SkTn  or  arm,  cult,  dll. 

1:1,000,  dry 

Inoc.  718j  Recov.  9I4. 

after  5 min. 

Arnold 

1934 

Skin,  cult.  dll.  1:1,000 

Inoc.  696,  Reoov.  I5l 

moidt 

aft(ir  5 min. 

ti 

Skin  of  back,  not  wauhed 

Inoc.  1,000,  Recov.  1 

after  30  min. 

Arnold 

1930 

Skin,  body  tonp.,  dirty  or 

fatty. 

Recov.  0,  30  min. 

ff 

Skin,  37  C.,  before  drylnp 

Inoc.  34»000,  Recov.  0 

In  15  min. 

Bryan 

1933 

Skin,  37  0.»  after  drying 

Inoc.  51,000,  Recov.  0 

In  10  min. 

n 

Sterile  rabbit  blood  susp. 

At  least  5 yrs , 

Brobisher 

1947 

Survived  longer  on  akin  tb 

an  on  filter  paper 

Hellat 

1940' 

16.1^  inhibited  on  normal 

a kin 

Hill 

1933 

Palmar  surface,  clean  hanc 

Inoc.  1,200,  Recov.  0 

after  2 min. 

Norton 

1932 

Washed  hide 

Inoc.  520,  Recov  0,, 

after  20  min . 

M 

Palms  of  hands. 

Inoc.  1,200,  Recov.  112, 

1 

after  1 min. 

II 

Kept  moist  by  water  vapor j 

Inoc.  920,  Recov.  1,000 

after  30  min 

Nor  ton 

1931 

Dry  siarface  cf  akin 

Inoc.  770,  Reoov.  900, 

after  70  min. 

1! 

Skin  of  forearm 

0~lf.0  min. 

tl 

S]cln,  moist  with  water 

Inoc.  310,  Recov.  150, 

vapor. 

30  min. 

« 

Unwashed  tanned  hide,  dryJ 

Inoc,  3,b00,  Survive 

1 

4 hrs.  15  min. 

If 

V/ashed  tanned  hide,  dry.  i 

1 Inoc.  2,I).40,  Survive 

1 1 h.  20  min. 

Dirty  or  fatty  skin 

Several  bra . 

Singer 

. 192«i 

URINE 

Malleomycea  psoudomallel 

26-^7  C,,  culture 

16  d. 

1 Fletcher 

1928 

TISSUES,  GENERAL 

1 

Clostridium  botulirum 

Intestinal  tract,  <i2 

4 mos . 

Burke 

1919 

Cl.  sporogenes 

War  wounds. 

5 yrs. 

Anonpimous 

1923 

Cl.  tertiuo 

War  wounds . 

5 yrs. 

ff 

Cl.  tetanl 

Liver,  spleen,  bone  morrov 

lungs,  lyi'diih  glands.  Fret 

Recov,  up  to  55  d. 

■ Canfora 

1907 

si)orea  from  dying  an ima' 

,s . 

Kidney,  spleen 

Fovmd  at  site  of  inocu- 

latlon  after  26  hrs . 

Koser 

1917 

TABLE  SH  Ti^E  JUTHViUAr,  OR  'nA‘-.'PR,l  i)J TfR,  OORYNEBAO'TERIWl , UEKOH1ILUS, 
LACTO’^AO-ILLn;;,  RALD'lOMYnivO , f ' . RO  AOTRR  JW , MOTEnS,  ISEUDOMOHAS, 
SERRATIA  ';rr/,;iPELOTHR|X  t?'  R UODY.,  (AND  ^DY  MATERIALS) 


Rac  tor  ( r i 


Lr.rv  Ival 


Reference 


TISSUES,  (0(>NT.J  I 

Cl.,  tetoiii. 

Hoi’Pr  4 inoy,, 

Pre.sU  G„P„  feooe  'I  A d . 

Roninin  vlnblr  ?it  alto  of 

1 n o 0 u 1 t i on  6 ri  o .■3 , 

Re verg'd  from  liver,  i^'leon 
kidntR/j,  liin.irT  Vume  rtiarroj 

r-.'llHwinf;  ;oilioi)t » lid  1.0  l.\  mos. 

C(tir^  nnbrio  to  r i um  d i rtii t.bo  ri  ni'. 

Sr  oTl  'h’lod”  pj'ocoa  9 wko„ 

Lnoc,  on  membrane  )|  rno.s„ 

Throat  of  boy  ;-.ftHr  ai.t.ak  Virulont  6 mos , 
Erys  Ipel  otbrix  phna  1 or>/'  t ii  1. a e 

Drl  0 d j daFk~  ’ 1 ino 

Sunlif^t  TO  IP.  ,1. 

Salted  or  pickled  ino;t  3 l|  etna., 

Carcoar  of  buried  tmlinal,a  nea  . 

Erys  Ipelotbrix  npi,. 

iH - 20  C , , carvaaa  m.a 

Sorrabia  rinr-'Of  cons 

Mouth , ' 16  'n. 


4 iiioy,, 

I ft  (1  . 

ft  no. a, 
ni 

f 

lid  1.0  i.T  mos 

9 wka„ 

1)  rrio.s^ 


1 ino 
TO  IP  ,1  . 

3 )|  r:n«  „ 


Noble 

191^ 

It 

Semple 

1911 

Tarozzl 

1906 

Abel 

1893 

II 

Maegregpor 

1898 

Hlill 

19a? 

If 

f( 

Los**  ■ j. 

],nt'9 

Het tche 

193:' 

Teague 

1912 

TABLK 


Tin;;  SlIRVTVA!.  Cl-'  DIPLOCOCCUS 
FNl'inHONlAJC  IN  THE  BODY 
(/MD  BOUY  MATERIALS) 


Pnc  \.or{:i  ) 


ii'jrvivel 


BLOOD 

R.T.,  senltu'l  tuboft,  rl/ji'lc 
Broth^  fiellvA.,  or  sal  ■ 

ine  j^asp'riij,  R„Ho 
Ty]:>e  I 

Broth . snl  iva  ,1  or  0,5/^  aal” 
Ine  ^usp*nt,  R.H=  above  or 
S0%,  Type  I 
I n j o c V.  r ri to  .) 7 C „ 

Si-.e.  lile  f' abb  it  blood  susp'n 

Finally  dei’lbrlnntcid  blood 
Rabbit  blood  di'iad,,  hCFf 
i^lasa  & gEWze  s light  nc 
dork*,  Tyj)e  1I(  smooth) 

40P,,.  in  lo.e  box.,  darkp 
gloss  k gauze.  Typo-  II 
( sm<wch) 

80Poj  Ob'  ; i :i  , 'Ifiyllghtp 

drie(^,,  Type  Z 

QO  Po , bn  gloss,,  darky  drio«jl 
Type  I 

40P,  In  loebox  ilark.  Type  I 
glas.si 
gauze 

80Po  daylight^  f'.ir. s«  k gou- 
ze,  Tyge  II1(  si,iooth) 

HOP,  dnrfe-,  glass.  Typo  III 
80P,  dark,  gauzo.  Typo  III  [ 
4OP0  j darif,,  icebox  glosH  I 

UOP.-,  darkg  1 06 } ) 0 x ^ p. n u z e I 

SPUTUM  


Very  high  mortality 
r nte 

Long  periods 


8 b"  i /r-  hrs. 

5 01  h .s trains ‘-■-5yrs , 
11  strains,  9 yrs. 

^ itin.5 , 
r.  mo  • 


L h me  • s e 

1 mo  0 
R mo#. 


1.7  mos, 
9 mow  • 
9 mo  3 „ 


7 mo  a, 
11  trios 


13  moo  (^ypx?  Ill) 

. dlt  I! 


J.C  mo.' 


->f«3  , • IJ  ‘.!'.4n  , 

37C5  dried 

Dried  in  test  tul’'!:’i, 
di.f/’usp  daylight,  TypoI.LI 
Dried,  ico  box,  401'.  nark 
Dried,  Type  I 
Dried  sputum,  dork^' 

d iff  US'"'  light 

Moist  sputum,  ?.2  0,,  dark; 

0 C,,  dark 

Moist  sputum,  .etrong 

light 

Dried,  sunlight 
Powdered,  dark 
Powdered,  sunliglit 
Sprayed 
Moist  sputum 
Dried, dark 

diffuse  light  _ 

GENERAL"" 

37-35  C,  Abdominal  cavity 


llv#  C.  ()  V a 

4ni  oa, 

80.F, , J 70  wks 

T T T ! 


4O  ’'kSo 
4 '-’ks , 

3,9  days 

30  'layii 
11  day  A 

35  days 
1,5  dayxs 

74  hrn , 

1 '-'4  br  a <1 
j.  lit'  o 

74  hr a, 

/.  P ■».»]{ 

3.5  days 
..„30,.  d Hys_„, 

4'  5 day  3 


Reference 


Arkharow  1892 

Dunklin  194^ 


Emmerich  1094 

Probischer  1947 

Gilbert  1896 

Stillman  1940 


Guarnleri 

Stillman 


Wood 


•897 

1888 

1940 


rt 

1905 


Poa 


1888 


i 


TABLR!  ^ Trili  SURVIVAL  OF  EBC/IFRICHIA  COLI,  AEROBACTER  AND  PARA- 

OULOBACTRUM  IN  TliK  BODY  (AND  BODY  MATERIALS)  f 


Fi;  '•  tor(  p, ) 


BLOOD 

Noniinl  nTbbic  s'lorumi,  di^ylng 


M,U„  prided  TO  norinpl  rnbblt 

__  ‘UjrUjUa  _ _ 

FECiitT 


Survival  Referance 


Do din  rdlG  logarithmic  Chick  1912 

so  that  it  is  proport- 
louril  to  cone,  of  sur- 
viving bpcterlfl. 

Living  boot,  remain  " " 

a Cd 1 1 o.iary . 


Com  feres 

FI.  R.T.j  dark 

Stooln  dried  on  lllter  pa- 
per, R.T.,  dark 
V/atery  a tool,  R,T,,  dark 
TlDn  Matory  stool  dried  on 
filter  paper 
Fluid  aLOol,  R.T.j,  dark 
PI,  stopi,  dried  on  filter 
paper,  R.T,,  dark 
FI.  otool,,  R„T,  dark 
Stool,  driod  on  f i.lt(;r  pa^’ 
pur,  dark,  li.V,, 

PI.  stool  in  dark,  W.T. 
Dried  stool  In  dark,  H.T, 

FI. stool  in  dark,  H.T. 

Dried  stool  in  dark,  H/f, 

PI.  stool,  datde,  H.T, 

Dried  stool,  dark.  H.T. 
Fecal  susp'n.n  20  G„ 

.37  0. 

10  G, 

- li.  C. 
H.T' 

I7I-.  - ^ n n • ; 

i^Si;cra,,  -U  !■  Pll  -O''  ''  A... 

posed  to  open  air. 

Fecal  emulsion,  dilute, 
diffuse  sunlight 
inside  window 

tost  tube,  direct  gunxlgnv. 
H'ores,  saline  3usp’n.,37  C, 
Feces,  saline  supp'n,,  ice- 
box temp. 


Faces „ 

37  C. 

Faces 

40  c. 

Feces, 

-11  C. 

Pace  a , 

icQ-b(5X  temp. 

Po  c 0 3 , 

animrilp  6l  F,  , 

inoc . 

1”3  tnofl.S’c  Fo 

i'e  CO  a , 

on  stump,  bliy.zard 

i 'll  0 c , 

5U^000/gm.  i 

on  stump,  spring,  ixioc. 

11,800/  grri, , 

on  H t ur.  ip  f i-r  a rra  sees  on ; 

pure 

cult,  stu'ip,  Mintor 

inoc 

'32  3,000/  gm. 

j .-J  " i hr  3, 

I lays 
>LS  days 

7-1/I.3  d/iys 

>143  days 

b inoa. 

:li(.crv,  pure  cult,  >8  mos 
rnoM , 16  days 
. 2 mos,  21  days 

I 3^3  mos  , 19  days 
i 71  days 
* 1 mo, 

1 mo  f 
>'■4  days 
> 64  days 
6 vDoka 

20  days 
c2  ''Ooks 
Ofi  wettks 

2 mos , 


3 days 
11  days 
19  hra. 

7 3 moB 
699  days 

1 yr,  6 mos, 

2 yra, 
mos. 

369  days 
I iLicovtued  3-10  In  4 wks. 


Hocuvered  none,  18  das. 

Ho  cov-ex-ud  none,  1^3  das, 
17.^  day  3 


Cohn 

Dold 


ri 


If 


»? 


If 

Jordan 


T . rr»  w »T 

i-»w»  i 1 » nusfi 


M°  Naught 


Parr 


tt 

Savage 


Tonne y 


1950 

1944 


rt 


tf 


II 

1926 


" s 

IViO 

193V 


II 

1917 

1931 


Hecoi-ored  none,  22  das 


It 


ft 


TABLE  fCONT’D)  THU  SURVIVAL  OP'  ESCHERICHIA  COLI,  AEROBACTER  AND 

PARACOLOBACTHUM  IN  THP)  BODY  (AND  BODY  MATERI-ALS)  ' 


Fan tor ( s ) 

Survival 

‘^Palmar  surfeoe,  clean,  inoo. 

Recovorod  1 after  10  min 

4,000 

Skin,  body  toinp.  dirty  or 

Several  hours 

fatty. 

Skin,  palmar  surface,  clean, 

lie  covered  0 after  10  min 

hand,  body  temp. 

Skin,  37  C.,  InoG.  78,000 

Recovered  0 after  10  min 

Wiping  hand  »*lth  toT.Fcl 

Survived  longer  on  skin  tncn 

on  niter  paper 

33^  inhibited  on  nornnal  huma 

n skin 

Palm  of  hand 

Entirely  destroyed  in 

10  min. 

Skin,  desiccation,  high  R,Hj 

8 hrs. 

99^,  96  P.  . 

2 wks 

URINE 

1 

Exposed  to  open  air,  -8  P to 

/^lOO  days 

F.  ■ ...  „ , J 

SeiJSral 


Reference 


Arnold  1930 


Bryan 

1933 

Grubb 

1947 

Hellot 

1948 

Hill 

1933 

Krueger 

1942 

Re  be  11 

1950 

Lu-Ti^Huan  1930 


Stomach-abaenco  of  free  HCl 

Isolated  from  frozen  shrimp 
other  conform  organism. 


, Conforms  found  In  ab- 
undance 

more  fro4Uontly  than  any 


Lohr 
Holme  s 


FECES 

Aerobflcter  nei’of^onea 
Crude,  dil-  j ono 

Sterile  rabbit  blood  runp 
Pound  by  riany  workers  in  li 
Fresh,  R,T, 

Pure  oulto  on  .'iturip  durln,"; 
hlizzerd  in  wintfir 


Pot  givon 
1 • . 0 von. 
nmnn  ftioos 
lb  il  , 

9 d.. 


Atkinson 

Frobisher 

Gray 

Jordan 

i T'nnnnv 


Aorobacter  nerogono r 

inhibited  on  hormel  huifinn  skin 

BLOOD 

Paracolohgr. brum  rmropinnos 

Sterile  rabbit  blood  su8p|,  3-9  yr 


Hill 

Frobisher 


1927 

1949 


1934 

1'47 

1932 

1976 


1933 

1947 


:« 


TABLE 


TliE  SURVIVAL  OP  METAZOA  AND 
PROTOZOA  IN  THE  BODY 
(AND  BODY  MATERIALS) 


PaC!tor(Bj 


Survival 


Referance 


BLOOD 

Anaplaamosla (Bartonella 

bovla ) 

Dried  blood 

Blood  aubmitted  to  heating 
and  chilling  over  period 
of  6 daa. 

PlaBmodlum  viv:ax 
-^0  to 

Tryponoaome  aguiperaum 
Bata  kept  at  low  tempa 
10  C to  C, 

33  Ca.  to  37  C, 

f'ece6  ' 

Entamoeba  hlatolytlca 
f'ecea  37  C. 

Peco3p  £?5-30  C, 

Feceap  6-8  C, 

Infected  feoos,  if7-30C, 

37  C. 

Infected  faceap  with  Icc 
aalt  inixturop  freezing, 
inoc*  50  cyata 
Stool  emulsion,  R.T.p  all- 
owed to  dry  on  fingera 
Dried  fecea 
Very  dilute 

Fecea  wltl-i  free  Cl,'  in 
w star,  Isl0_o00(; 

OS,,  16  nr,  cult. 

16-20  C. 

0 C.  washed  .'V.  co.nc.  cysts 
16-20  Cap  washed  k cone, 
auapenaion. 

Human  fecoa,  cult,  tube 
R,T,  4 hrso,  and  14  C,  for 
14  bra. 

Soil  plus  atool  plus  water 
R.Ta,  1 hr 
14c.  12  hra. 

28-34  c. 

'Fecea 

Entamoeba  00J.A 

Human  fecea,  1-20,,  cult- 
ure cyata 

SJool  emulsion,  R.T, , all- 
owed to  dry  on  fingers 

&itamo»ba  coli  marc ore arum 


Monkey  fecea,  naturally 
infected 


<3  daa 
0 


10-15  daa 


tube 


l-2C,p  cult* 


Do  not  develop 
Develop  in  blood  in 
short  time 


2-4  hra. 

5-8  hra . 

8-10  hrs, 

9 das» 

3 daa. 

Recov,  13  dead  ifluisoms 
hra. 

10  min. 

Instant  death 
> 1 mo. 

No  effect  in  several 
hra  a 
9 daa, 

7 das, 

17  dai>a 
10  daa. 

14  daa, 

2 daa. 

6 daa. 

4 daa. 

8 and  4 daya, 

3 daa. 

4 1/2  moa. 

More  reslatent  then 
E.  histolytica 

4 1/2  yra. 


Dypatra 


Saundera 


Kalebuchov 


Ourevitch 


Kuenen 


Specter 

Wenyan 


York 


Dobell 
Be aver 


Rudolf a 

Dobell 

Spector 


Dobell 


TABLE 


31 


(GONT’D) 


I 


i 


THE  SURVIVAL  OP  MBTAZOA  AND 
PROTOZOA  IN  THE  BOOT 
(AND  BODY  MATERIALS) 


P)'n’.  tor( « ) 


Survival 


PPJCKS(GONT'D) 

Hookworm 

Night' a oily  dll,  with 
amnmer  temp. 

Night  aoll  dil.  vitli 
uriiia  5 summer  temp. 

Human  TeoGS;  direct  sun- 
light 

Moist  feces,,  lab,  temi). 
Watery  moist  focesy  larvaq 
I'ecal  mat'l  in  abar«i«ned 
latrine  in  brickyard 
bo  P, , strong  sunlight 
sTrong  sunlight  under 
glavSS 

Necator  americanus 

Ascarls  lutnbrleoldGS 
Human  feces  on  sand  in 
sun j ova 

Human  feces  on  sand  In 
shade 

Clay  in  sun 
I^Clai  in  shade 
Loam  in  shade 
Human  feces,  In  shade 


99%  killed, 

2-3 

wks. 

Cort 

1925 

99%  killed, 

2-3 

i 

vka. 

Cort 

1926 

Lethal  even 
tropic e 
13  mos. 

7 mos . 

3 mos. 

in  moist 

1 

1 

j 

Faust  1924 

Oalli  1905 

Leichtens ternlBS? 

>2  hrs( larvae) 
1 hr. 

Nlcoll 

1917 

2 hrs. 

Nicholls 

1939 

21  days 

Brown 

1927 

Pig  feces,  in  shade 
Human  feces,  drying  In 
sunlight y i30  P, 

Pig  feces,  sunlight, 


Hecov,T90,8jC,  35  daa» 

7lfo  motile,  21  das. 

85^  motile,  21  das 
89.3?'  motile,  21  das. 

motile,  4 wks. 
99!^  motile,  4 wks, 
3o-40  % disintegrated 
> ( 1/2  hr 8. 

in 


Human  and  pig  fecos, 
1 riff  shod* 


130F  ' 5-30%  dlsintegra^d 
i >7  1/2  hrs. 
ly-  ; Recov,  0,  2 wks._^ 


Human  feoos  moist  with 
constant  temp,  40-500, 

Pig  feces,  moist  vrith 
constant  temp,  40-50  0, 
45  0,  compost 
« 54-55  C. 

Pecal  susp'n  oJ’  eggs 

Trlchurls  trl churl s 
Human  feces,  30  C„  on 
cover  slip.  Incubator, 
mol s turn,  sat’d,  lnoc„ 
1000 

-12  C,,  4 das.  incxibation 
before  exposure 
-9  C.,  4 das  incubation 
Sand  in  shade,  hiaman 


38^  ova  (Uslntegreted 
in  14  das. 

40%  ova  disintegrated 
in  14  das. 

3 mos. 

3- -5  min. 

All  degensrate  in  27- 
35  das, 

iiecovered  9,  29  das. 


6 d aSo 

Ro  cove  rod  40%,  8 das. 
74%  motile,  35  das. 


Eggs  of  T.  trichiuPa . os  well  ns  ,N.  americanus.  A, 
lumbrlcoldes  ^ T „ srglna  ta , S,  hnemntobium,  pass 
tyliru  cockroach  unharmed. 


Reference 


Caldwell 


Nlchclls 

Nolf 

■Bttdolfs 


Nolf 


Brown 

Macfle 


1928 


ft 

1939 

1932 

1951 


1932 


1927 

1922 


TABIE  (CONT’D) 


4 


4 


THJi:  SURVIV/'i.,  OF  METAZOA  AND 
PROTOZOA  IN  THE  BODY 
(AND  BOLY  MATERIALS) 


Pactor(a) 

Survival 

Rofe re nee 

URINE 

A,  lutnnricoldes 
Human  urine 
Triohornonaa  vaKinolia 
Urine,  20C, , Inoc.  wi, hh 
vnR-lnal  secretion 

No  survival 
Few  alive  In 

20  hrs. 

Yoshida 

Jlrovec 

1920 

1940 

GENERAL 

T.  V8p;inali8 

Vaginal  discharge 

Rorov. 

in  6 hrs. 

Kessal 

1950 

Viiginal  dlachargH,  R.T,, 

yb  das. 

Kirby 

1943 

Paraffin  sealed  covor- 
sllps. 

Pus#  dry 

3 hrs. 

Swift, 

1937 

E,  histolytica 

Cysts  drying  on  human 

5 min. 

Spector 

1934 

hand 

Cysts  pass  through  cockroe 

ch  unharmed 

Macf  ie 

1922 

T.  batrachorum 

In  Rlana  pipiena,  R.T., 

6 yrs  11 

mos . 

Wonrlch 

1949 

distilled  (.rater,  and 
gastric  mucin 
T,  vfenyanl 

In  white 'rats,  R.T.,  with 

4 yi'a. 

11 

If 

distilled  vrator  and 
gastric  mucin. 

In  amphiuma,  ^.T,,  i.'lth 

4 yrs.(T.  prowe^ekl) 

I •» 

n 

gastric  Mucln 
T.  augusta 

In  Rana  piplens,  R/1,, 

■7  yrs. 

II 

tf 

with  water  & ga.;l  rlc 
mucin. 

T,  hominls 

In  r'lan.  'K  , in  vat"- 

4 'f#  V*  M 

jr  * w , 

1 

ff 

,<• 

er  and  gastric  mucin, 
T.  species 

Prom  Crotelus  iiorridus 

7 yrs. 

11 

tr 

Trivitus  parve 

From  Triturus  viridesnens 

1 

1 

4 yj's. 

If 

IC 

Monocercomonoldes 
From  Llpulid  larvae 

4 yrs. 

T1 

ff 

T,  BPP, 

Prom  Japanese  beetle  lar~ 

4 yhs. 

n 

tr 

vae . 

Trlchinella  spiralis 
G.p.p  rat  muscle,  pork, 
pork  sausage,  -35 

2 Hrs . 

Blair 

1934 

-ly.ttc, 

Tr.  spp, (larvae) 

Pork,  -27C. 

53  hrs. 
3b  hrs. 

Gould 

1949 

-30C. 
"33C  . 
"35  C. 

24  hrs. 
10  hrs, 
40  min. 

If 

» 

"37  C, 

2 min. 

TABLE  TFE  S’fRVIVAL  OP  POLLS,  YEASTS  P'ONOI  IN  THE  BODY  (AND 

BODY  MATERIALS) 


For*,  tor  (a ) 


Sur v3  vfil 


Reference 


SKIN 

M»  o\idoulnl 
Hair 

Hair  ^n  well  stopj'iered 
bottles 

Trlchophv ton  Intord jpiltale 
Scrfipln.rrs  from  toes 

Sputum 

CoccldJ olrles  irireltls 
Si'ntun',,  sun  with  earth 


d 

Parley 

1921 

125  d 

Robinson 

1949 

JOO  d 

Mitchell 

1922 

Vogotat'..l.ve  form,  30  d 

PaT'nalbic  stage,  2ij.O  d 

Rosenthal 

1950 

TABLK 


THE  SURVIVAL  OF  MYOOBA.CTERHM 
SPECIES  IN  THE  BOnf  "4 
•'■(  AND  B OD^.-  MATERI ALS ) 


Factor ( s ) 


BLOOD 

M.  tubercuiosi a 
Selino  sbln. , ^i.T. 

In  arachls  oil 
In  spline  and  arpchls  oil 
Human  whole  blood 
Hemoglobin  inhibits  the  gr 
bacillus.  Efracts  propor 
Klobln. 


FECES 

M,  tuberculoais 

Feces , R*T. , dark.  Slimmer 

fall 

winter 

Feces,  ti  Cf 
Dung 


Feces,  No,  of  M.O,  in  face 
of  spu turns 

Feces,  cool,  stored  in 
jars  with  loose  lids, 
natural  infected 

Feces,  cellar,  dark,  with 
jQUslin  to  exclude  insects 
artifleally  infected 
jianura 

Liquid  manure,  winter,  ar- 
tifleally  Infected 

spring 

^•all 

autumn 

Ctjw  feces  , exposed  on 
;^asturelend,  winter 
spring 
autumn 
summer 

Cow  feces,  protected  irom 
sunlight,  summer 
autumn 

M,  para  tubercuiosi a 
""  Infected  feces,  atmosph- 
eric conditions 


Survival 


10  weeks 
10  weeks 

At  least  26  weeks 
Hi  days 

rwth  of  the  tubercle 
lonal  to  cone,  of  hemo- 


Reference 


M,  tuberculosis 
””  Pus,  room  temp,,  dark 
Pus,  R.T. , in  half  dark 


SKIN 

M,  tuberculosis 

Human  tubercle  bacillus 
In  reed  capsule  pieced 
under  skin  of  cattle 


1 day 
3 days 
9 days 


Ilua  remained  after  176 
days 

) proportional  to  those 


xc  nios. 


2 years 
U mos. 

5 mos, 

2 mos« 

4 mos. 

4 1/2  mos. 

5 mos. 

2 mos. 

4 mos. 

2 mos. 

4 mos. 

6 mos. 

246  days 


TABLE  ^^7  (noNT'D)  THE  PTJR'n'V/\[,  ov  f'Yf!nR/'f'T'';BTTrM 

vR|'l/'r  ifg  -I'TIK  H(  |)Y 

1 

(,aMH  I;Y  f.ATIiliirALS) 

. ....  - .... 

! 

1 

4|j^  F0'jtor(s)  j Survivel 

SPUTUM 

1 

Reference 

h ■ 

M.  •tuheroulosia 

SputtiiTiy  dork 

Sputum,  holf  cinrk 

Viable  4 mos. 
Viable  3 mos . 

Abe 

1949 

Sputum,  y?  C , 

Porsiatence  time  10  das. 
recovery  tine  0 

" 

tl 

Sputii'i,  diroct  sunlight 

surnrnor 

fall 

winter 

50-HO  min. 
6O-IIO  min. 
90-240  min. 

ir 

Sputum,  dlfl’use  lignt 

8 days 
7 days 
5 days 

fl 

summer 

foil 

vrinter 

On  window  of  room 

II 

spri ng 

fall 

summor 

13  days 
18  days 
20  days 

If 

Sputum,  exposed  to  sun- 
light, 12..1:{  C,  R. 11,50^, 

afternoon 

noon 

diluted  l52(5sOO  PM.) 
^ diluted  1:25 

9 min,  recovery  12/ 
1=4  min. 

1 min. , recovery  3 / 

Albini 

1940 

^ Sputum,  exposed  to  auj)- 

light,  7-9C.,  H.H.  40% 

If 

It 

afternoon 
diluted  1:2 
diluted  1:25 

1 min.;  recovery  3 / 
4 min,,  r.^covory  / 

Sputum,  43-55  U.  R.H,  4.0% 

tl 

M 

Sputum,  dried,  surface  of 
wooden  tongue  blade 

Infective  for  g.p.  4 - 
18  weeks 

Arms 

1912 

•B' i.  4. 'w  w*  V 

No  vlablo  after  3 yrs, 

Burns 

1917 

Mixed  with  dust  and  expo- 
sed to  suniignt  up  to 

Viable  ’-'ben  inject,  into 
g.p.  2»72  nrs. 

Cpldwell 

1925 

72  nrs. 

Droplets,  15-20  C 
Droplets,  10-15  C, 

30-40  days 
5;J  days 

Chaus se 

1912 

Direct  sunllglit 
Diffuse  sunlight 

Few  mins,  to  fevr  hrs. 
Several  days 

Cornet 

Dried  in  layers  not  too 

Several  mos,  to  1 yr. 

If 

thin. 

Desiccated,  3O-4O  C, 

9-  10  rnos . 

De  Thomas 

1886 

Sputum 

6 mos  , 

Cornet 

1904 

DropDs  ts  from  speaking  or 
coughing,  45  C, 

Loud  speaking,  droplets 

3OU-60O  times  increase 
in  count 
30  min. 

Pliigge 

1921 

45  c. 

If 

II 

Drops  from  bronchial  tree 

^ Dried  sputum 

Several  months 

Harder 

1913 

* Coughed  on  paper,  stored 

in  bell  jar,  dried  ?.l\.  hr. 

)50^  Infect,  in  2 das., 
none  infect  in  31  des. 

Kenwood 

1915 

UABIfi  g?  (CQNT'D)  Tini  SURVTUAT.  OR  MYCOBACTERIUM 

SPECIES  IN  THE  BODY 
(AND  BODY  MATERIALS) 


Ptictor(  s ) 

Survival 

Reference 

SPUTUM(CONT’D) 

M,  tubercuioslB 

Droplets, 

4-7  days 

Klrsteln 

1905 

Desiccated 

Several  mos. 

Koch 

188';2 

Alternately  dried  and 

12  days 

Malassez 

1883 

moistened 

Sunlight 

Pew  minutes  to  4®  hrs. 

Mayer 

1924 

Ultrn-vlolet"  lamp  for  3 

Required  ?5  min.  to  des- 

e 

It 

min.  ot  distance  6f  5". 

troy  ell  organisms 

Thin  layer,  dried 

Still  virulent,  30  rain. 

Mlgneco 

1895 

Direct  sunlight 

None  re  covered,  24-30  hrs, 

Dried  in  sun 

18  hrs. 

Exposed  to  light  and  air 

in  June  4c  July 

<45  days 

Ransom 

— -- 

Little  or  no  air  and  dark 

16  days 

Dried  21+  hrs.,  dark 

>1  day 

Dried  21+  hi’s,  clerk,  expos 

■ ^35  days 

R 

ed  to  little  air 

Dried  sputum 

179  days 

Schill 

1884 

Desiccated 

Several  months 

Direct  north  roomllght, 

45-76  P,,  R.H.  17~bP.^ 

4 hrs.  to  5 days 

Smith 

1942 

Direct  north  roomlight, 

9 dfts.  to  5 mos. 

darkness 

45  F,,  R.H.  17-625^  , dark 

6 1/2  - 14  mos. 

tf 

n 

70P.,  ti3%  R.H.,  Clark, 

142  doys 

cover  slip 

63  P.,  R.H,,  dark. 

15  days 

H 

n 

water  suap'n. 

72P.,  V9%  R.H.  dark 

Id  days 

In  India,  direct  sunlight 

6-5  days 

Soparkar 

1917 

Dessicated  in  dark 

309  days 

Direct  sunlight 

6-R  hrs. 

Decomposing  sput,,  teat 

20-26  days 

R 

n 

tube 

•• 

Dried  in  thin  stnears 

4 mcjs. 

Sormani 

1886 

Dried  sputum 

10  raos . 

Fluid  sputtim 

H-11  days 

Toma 

1886 

Dark,  moist  hoTf.  In  peri- 

Produce  lesion  In  170  des. 

IVl  shell 

1905 

fflned  bottles 

Produce  no  lesion  In  160 

das. 

Dork  closet 

jesion  in  160  das,  no 

lesion  in,  18tJ  days. 

n 

R 

Dark  moist  box,  bottle 

Lesion  in  157  das*,  no 

stoppered  with  cotton 

Lesion  in  172'  days. 

Diffuse  light,  ordlnairy 

Lesion  124  days,  no  le« 

room,  paraffined  bottle 

sion  in  175  days 

r 

n 

In  ice 

Lesion  in  102  days,  no 

• 

Lesion  in  157  days 

Dark  closet,  bottles 

Lesion  Ir  100  das,  no 

stoppered  with  cotton 

Lesion  in  I4I  days 

Moist,  light  place  in 

Lesion  in  123  das,  no 

n 

R 

sand 

Lesion  in  I48  days. 

TABLE  (CONT'D)  THE  SURVIVAL  OF  MYCOBACTERIUM 

SPECIES  IN  THE  BODY 
(AND  BODY  MATERIALS) 


Factor ( a ) 


Survival 


Refe renca 


, SPUTUM 

M,  tuberculosla 
” Out  of  doors,  wintor  mos, 
open  bottles 
Handerchlef 

Woolen  blanket 

Wood 

In  thermostat 

Dry  light  place,  sand 

Carpet 

Direct  sun 

Dried,  R.T, 

Dried  on  carpet 
20  C,,  dark 
2 C, 

Dried 

M,  para tuberculosis 
Electric  light 
Direct  sunlight 
Diffuse  light 
Diffuse  daylight 
UrilNE 

M.  tuberculosis 

RoomN.temperature , dark; 
in  hair  dark 
2-3  C. 

60  C. 

Refrigerator 

Inject  into  peritoneum  of 

Cf  rv  - ' 


Lesion  In  110  das,  no 
lesion  in  132  das. 
Lesion  In  70  das,  no 
lesion  in  ilO  das 
Lesion  In  70  das,  no 
lesion  in  llO  das. 
Lesion  In  70  das,  no 
lesion  in  110  das, 
Lesion  in  33  das.,  no 
lesion  in  70  das. 

I Lesion  30  das.,  no  les- 
ion 70  das. 

Lesion  in  39  das,  no 
lesion  in  70  das. 

I Lesion  In  1 hr*  , no 
i lesion  in  7 hrs* 
Infective  70  days 
Infective  39  days 
mos . 

I'i*  rnos . 

Several  weeks 

74-100  days 
10-12  hrs. 

30  days 

6-6  days 


T».»lche  11 


’ Twichell 
^ Vidal 
> Vlllemln 
J Soparker 


Viable  4 mos. 

Viable  3 mos. 

1 t .r.  1 ^ ^ 

V j.  j-t,  L-: 

Recovered  0 in  1,5  hrs. 
Recovered  0 in  30  days 
Lose  poT.>er  in  30-40  das, 


ENERAL 

M,  tuberculosis 

Dried  or  broken  up  org-  Sf;lll  virulent  at  43  & 
anlc  matter  39  das.  respectively 

Pieces  of  lung  -1  to  -6C,  < one  week 

exterior  windot.»slll 

Lung  tissue  inoc,  and  167  days 

burled 

Bflcilll  remoln  in  phthisical  cadavors  for  several 
years 

Btetlllod  water,  37  C.*'  < 1 day 

saline,  37  C,  <4  days 

Lung  of  rabbit,  .60  meter  23  days 
underground 

In  bile  Growth  more  rapid  than 

in  soap 


^y\BLR  (GoNT'D)  Tlli'J  BUR'MVAL  OF  KYCOBACTERIUM 

BrwriKS  IN  THE  BODY 
(AND  I^ODY  MATERIALS) 


1 

{ 

■ '■■.c'.Pi(i  c4ar(  e ) I 

Survival 

i Reference 

GENERAL  (CUNT' I) ) { 

M;  tUl)OIVM!lOS.lv'!  j 

RaLDit  blREsiiOj  l>urlod  in  | 

3 mo a.  b das 

1 

Petri 

1921 

Kinc  box  j 

Hui’Lod  lung  i 

P.  1/P  yrs. 

Schottellus 

lft90 

Inlostincl  contonls,  cow^  j 
nob  inforb,.  oubumn  i 

4 IHhS  . 

Stillman 

1938 

BUirmior 

Lung 

B mos . 

3 yonrs 

Stone 

1«91 

Rabbib  lung.,  livftr>j  sploen 
kldnoys  BO  C.,  sbenll(}; 
in  viti'o 

5 days. 

'^idal 

1934 

Rabbit  tissue,  B G. 

Lymph  node  emulsion  in  in- 
ouis'atbr  in  salt  soln.. 

10-30  days 
ft?  days 

i Webb 

1 

1921 

Lymph  nodes  contod  vi th 
collodion 

Liven  and  spleen  cos  bod 
vith  collodion 
Rabbit  lung 

7 days 

3 vks . 

l4  mos.  ner  rrbbit 

! 

! Wells 

19^-jl 

Dead  buried  fowls 

■■  fOlloT.'lng  exposure  to 
air 

At  least  1 yr. 

Schalk 

192ft 

I . baratuborculosia 

Intostinol  screpings  mix- 

i Recovered  in  163  dp.s. 

Lovell 

1944 

od  ^-'ith  rivor  ’wter,  out- 
door temp, 

h.c.g. 

~ Spleen  of  g,p. 

i 

1 

' 53  doys 

Corn?,  -Rieux 

1950 

Axillary  lymph  nod  ;s 

1 175  dnyc 

TABLE  B 


TIIK  Sni?VTVAh  ( K MTCnOCOCCUS 
SPlsCI.ii.;  I''!  'I'll;':  MOiS 
(AND  BODY  MATERIALS) 


Pao  tor ( s ) 

1 ■■■ 

j Survival 

Reference 
Frobisher  1947 

BLOOD  1 

SDD.  ! 

Sterilii  rabbit  blood  suspnj  ;?4  strains  viable  9 yrs, 

! 15  strains  viable  19  vrs 

feces 

M,  DVOKenes  var,  aureus 
Feces,  sunlight  ^’Ith  heat 

T 

t 

Bactericidal  effect  not 
marked 

Lehmann 

1931 

SkIK 

M,.  DVOKones  var , aureus 

Skin,  37  C,,  inoc,  161,000 

Recov,  34,000  in  15  min. 

Bryan 

1933 

Skin,  leit  palm,  expose 

m.o,  8 min.,  inoc. 3568 

Washed  off  I4I4 

Bur tens haw 

1936 

Dead  skin,  expose  10  min. 

Washed  off  1560 

inoc.  2568 

Skin,  inframem-oary  fold. 

'down 

8O/0  recov.  in  1 hr. 

Cornbleet 

1932 

'■up 

20%  recov,  in  1 hr. 

Skin,  axilla  , arm  up; 

32  % recov,  in  30  min, 

arm  down 

61%  recov,  in  30  min. 

II 

Tt 

Interdlg,  spaces  of  toes, 

toge  then; 

73%  in  30  min. 

apart 

24  % in  30  min. 

tt 

Tf 

Perianal  fold,  closed; 

76%  recov.  in  30  min 

open 

28  % recov.  In  30  min 

Palms,  clasped; 

53%  recov.  in  30  min. 

open 

6 % recov,  in  3O  min . 

It 

tt 

G-rov’th  in  S’-’eab  of  skin 

Alkaline  areas  slower 

than  acid  in  self  steri- 

lizing action 

Tf 

tt 

Nail  beds  and  areas  sur- 

Less effective  at  steri- 

rounding nail  beds 

lizing  than  normal  areas 

ft 

1! 

Keratotic  areas 

No  more  effective  at  re- 

moving M . aure  us  than 

normal  are^s 

ft 

Moist  areas 

depression  of  sterlliz 

Ing  power 

Denuded  epithellxm 

Not  as  effective  in  re- 

II 

ft 

moving  Staph,  as  intact 

areas. 

Previous  exposure  to  U.V, 

Does  not  enhance  des- 

II 

fl 

tructive  power  against 

Staph, 

Skin  of  persons  with  fur- 

Remain longer  than  In 

II 

If 

unculosis 

skin  of  others 

Psoriatic  lesions,  bared 

Free  themselves  of  Staph 

of  scales 

fast'r  than  lesions  with 

II 

If 

scales , 

Survived  longer  on  skin  tl 

an  on  filter  paper 

Hoi lot 

1948 

17.2/^  inhibited  on  normal 

skin 

Hill 

1933 

TABE  (CONT’D) 


THE  SURVIVAL  OP  .MICROCOCCUS 
SPECIES  IN  THE  BODY 
(AND  BODY  MATERIALS) 


Pactor(s) 


SKIN(CONT'D.i 

pyogenea  var.  aureus 
Washed  Mde,  Inoc.  900 
Washed  , Inoc  • 1 , 000 
Wounds 

Dirty  or  fatty  skin 


SPUTUM 

M,  pyogenes  var.  aureus 

Incpeaiied  survival  time  dhled  sputum 


Survival 


Recov*  360  In  30  min* 
Reoov.  ,?5  In  20  min. 
Recov.  In  lb  of  62  wound 
Several  hours 


Reference 


Norton 

Rountree 
] Singer 


1932 

1947 

1929 


QEliEI^L 

15.  ^ 


Bond  oni 


1691 


B Var.  aureus 


yogene 

Boay  temp, 

PuSjR.T, 

Exposed  to  long  chain 
fatty  acids 

Pusig^unllght  & heat 

Bolls,  11  strains, 
pH  2. .6 
pH  5.Q 
pH  IO.5O 

Bolls,  .11  strains, 
pH  2.6 
pH  5.0 
pH  8.0 
pH  10.0 

Abscesses,  4 strains 
pH  2*6 
pH  5.0 
pH  6*0 
pH  10.0 

Abscesses,  4 strains 
pH  2.6 
pH  5.0 
pH  8*0 
pH  10.0 

<t4|^lAal  fluid  snowed  varl 
M,  pyogenes  var.  albus 

Sputum,  antrum  nose , skin 
us  sho'''ed  various  pH  rani 


ou 


Recovery  0 

R'  1/2-3  1/2  years,  none 
of  pathogenicity  lost 
Lethal 

Bactercidal  effect  not 
marked 

H viable  at  24  hrs, 

3 viable  at  24  hrs. 

10  viable  at  24  hrs. 

10  vlebltt  «r  7. days 

1 viable  at  7 days 

at  7 days 

10  viable  at  7 days 

2 viable  at  24  hrs. 

2 viable  at  2ii  hrs. 

0 viable  at  24  hrs, 

1 viable  at  24  hrs, 

2 viable  at  7 days 
2 viable  at  7 days 

0 viable  at  7 days 

1 viable  at  7 days, 

8 pH  ranges 


Arnold 

Bormann 

Burtenshew 

Lehmann 

Hall 


1930 

1940 

1945 

1531 

1921 


'oat,  urine  and  uter- 


ei 


MiOT 

Qaffkya  spp. 

Sterile  rabbit  blood  susp 
GENERAL 

Ssrclna  luten 

Swabbed  I In  large  amounts  cjn  tonf=;ue,  no  sal  mucous 
membrapes,  crypts  of  tonq  ^ 


recover  In  very  short  tlirje 


yi^s 


11s.  IrnpoMsibl-'  to 


Frobisher  1947 


Bloomf-ield  1919 


1 


TABLE  U//  THE  SURVIVAL  0?’  fe  NEISSERJA 

SPECIES  riJ  THE  BODY  ’ 
(AND  BODY  MATERIALS) 


Fi>ctor(s ) 

Survival 

Rex^’eronce 

BLOOD 

N,  gonori'hwae 

1918 

Sterile  serum  sealed  with 

16  mos. 

Unge  Ionian 

layer  of  paraffin 
Sterile  serum  sealed  with 

7-8  weeks 

layer  of  paraffin 
N..  meninpiltldiB 

1940 

Ueiow  l6(5.,  soaked  in 

^24  hrs. 

Downie 

sterile  horse  serum 

Nasopharynx,  body  temp. 

Avr.  6 mos, (longest  608 
das.;  shortest  34  das) 

Embleton 

1919 

N. 

. . 

Froblscher 

1947._ 

Sterile  rabbit  blood  susp 

Neisseria — 6 vrks-3  mos. 

URINE 

1 

N.  Ronorrheae 

Charles 

Male  vflth  urethritis 

20-26C,  pH  5-6.5 

Ti-fo  colonies  survived 

Carpenter 

1933 

4H  hrs. 

Sediment  22C,,pH  5. 0-8. 5 

b cols,  survived  3b  hrs, 

Sediment  4 C,,pH  5. 0-8. 5 

13  cols,  survived  3b  hrsj 

pH  increments  of  from  5.0 

Strains  Isola  tad--8, 23, 

to  8,5 
Temneratura 

17,  19,  15,  0,  2 

Allison 

1942 

GENERAL 

N.  Ronorrheaa 

UnthriO.  secrotlon,  -5  to 

1 hr,  some  reduction 

Hamptman 

1930 

2 U,,  pH  7.4--7.b,  grown 
on  ascitic  agar; 
plus  12  C,  pH  7.4 

8 hrs.  some  reduction 

plus  22  C,  pH  7.4 

12  hrs.  some  reduction 

Urethra,  body  conditions 

yre 

Keyes 

1911 

Fresh  pus,  22-23  C, 

Still  viable  24  hrs. 

Schofield 

1927 

Cases  successfully  treated 

No  survival  times 

Cohn 

1946 

Sc  operated  on. 

N.  menlnRltldis 

Dried  human  secretions 

! 

Several  days 

! 

Jungleblut 

1935 

THE  SURVIVAL  OP  PASTBUHELLA 
SPECIES  II  TAB  BODE 
(AND  BODY  MATERIALS) 


Pocttor(g)  ^ 

BLOOD 

’^‘BJooS^Illowed  to  putrefy  I 
In  test  tuoe 

£•  $3i  septleemis 

ological^sewm 

• P.  of  siflns  plsBue 
SMln<§  rijeea,  B C. 

P,  8PP. 

Sterile  fecea 

SPUTUM  ' ’’  ; 

pestla 
Droplets 

uiiiiif^  ■ • ' 

P*  peatls 
” Sterile . R»T» 

^SneRAL 

P*  peatls 

Spleen  of  infected  g«pti 
-15  C. 

H.H.  Ji37%,  tewp»>40  P, 

Corpses  of  C«  pygmseus 

Frozen  eadivera  in  $[anch- 
urla 

CaOavera  with  putrid  spl- 
een 

Cadavers  after  burial 
Glycerins  in  spleen,  -I5^c 
£•  tularensis 

23-20  c- , Internal  organa 
Hunan  tissue 

I 

Spleens  glycerinated,-14C. 
Fhozen  anlioal  cord 
Frozen  brain 
Frozen  spleen 
Frozen  nuaole 
Frozen  bone  marrow 


Survival 


Heference 


luO  daSji 


Reepv.  0 in  4~5  dea 
Still  alive.  2 wKsrU, 


ullve 


lOsterteg 

Jaeotot 

Partner 
G^dln  ■ 

Teague 


tly  Vir.  2 yra.  7 awe., 

dOjad  3 yra.  5 mos. 
Restricted  to  areas  vlt] 
these  factors 
Viable  23rd  day  after 
death 

Viable  3 mos.  after 
death 
4 days  - 

3-30  das. 

Vlabiii  7 yrs. 

3 das. 

Viable  M.O.  obtained 
from  human  tissue  2-3 
moe.  after  pt»  recov. 
10-13  yrs. 

42  moa. 

^ moB» 
l6  moa . 

12  moa* 

6 moa* 


190ti 


1898 

1696 


dllsdli^ 

1696 

Franc la 

1932 

Nonr 

1951 

Novikova 

1934 

Strong 

1942 

91 

n 

Frances 

193^ 

Anon. 

1947 

Fob hay 

1936 

Hull 

1947 

n 

n 

TABr^J  THE  SURVIVAL  OP  RICKETTSIAE  IN  THE  BODY  (AND  BODY 

MATERIALS) 


Pactor(a) 

r 

Survival 

Ref erenco 

BLOOD 

R.  conorli 

Hunan  blood,  ioe  box 

12  d 

Blanc 

1932 

R.  rlokettsll 

Frozen  l>ra!ln,  -700 

95  d 

King 

1930 

R,  tsutsurtanuahi 

Nice  blood  and  tiaauea 

610  d 

?*ox 

. 19k8 

flcSS 

R.  anderaonl 
Feces 

6 yrs. 

Philip 

19)t8 

Tisfet^.4,  oSnSM, 

R*  rlckettall 

-700,  frozen  brain 

321  d 

fcinp; 

1930 

R.  prowazdki 
Brain],  ^0 

79  d 

Macchlavello 

Tunica  vaginalis,  5o 

92  d 

It 

1937 

It 

4 


TABLE  FM  Tin::  SURVIVAL  OF  aAL:;ClI/...L.-  r.RECIiCL  IN  THE  BODY  (AND  BODY 
MATH  HI  ALB) 


Factor  (u ) 


BLOOD 


Survival 


Reverence 


sterile  rabbit  blood  eu'’|5 

l . 

Prob.  :■  !'..:r 

' 047 

FECES 

i 

1 

S.  enic-riditio 

Fluid  atool,  R. T. , dark 

i 

! 8 d. 

Dold 

i‘  ■ 

Fluid  atool,  R.  T. 

1 8 d. 

« 

1943 

Fluid  Stool,  R.T. , dark 

11  d. 

19.; . 

Dried  tool,  dark,  R.T, 

} 53  d. 

(I 

II 

S,  jjoratyphi  i 

Original  feces 

74  d. 

Do  Id 

1947 

Dried  fecea 

421  d. 

« 

II 

Fluid  stool,  dark,  R.T. 

18  d. 

Dold 

1944 

Stool  dried  on  paper,  R. 

T.  >8  mos. 

» 

tl 

Fluid  stool,  dark,  H,T. 

.20  d. 

If 

If 

Stool  dried  on  paper,  R. 

T.  7 5 moo,  16  d. 

" 

It 

3.  paratyphi  B 

Fluid  stool,  R.T.,  dark. 

115  d. 

Dold , 

1944 

Fluid  stool,  R.T. 

115  d. 

If 

1943 

S.  schottmulleri 

Fluid  stool,  R. T. , dark 

18.d. 

Dold 

l.y44 

Stool  dried  on  paper,  R. 

T . >8  moo. 

II 

n 

Fluid  stool,  dark 

20  d. 

tf 

If 

S,  species 

Not  found  in  feces  of  cockroaches 

Nacfie 

1922 

Rat  fecea,  H,T. 

148  d. 

iVelch 

1941 

3.  ty phi murium 

Original  feces 

74  d. 

Dold 

1947 

Dried  " 

.421  d. 

If 

II 

SKIN 

S,  enteriditis 

Palmar  surf.,,  clean,  R.T 
Dirty  hands.  Body  temp. 

Recov.  0,  10  i.nin, 

1 

1 

Arnold 

1930 

5fo  gone,  20  min 

1 

It 

▼ T—  _5  .a  ^ r 4.  u 4 

A V A V« 

lOO/o  gorui,  20  .min. 

II 

II 

Palm  of  hand 

Destroyed  in  10  rain. 

Kruege. 

1042 

Dirty  or  fatty  skin 

'Sev  ral  hrs. 

Singer 

1929 

S.  Paratyphi 

Dirty  or  fatty  skin 

Several  hrs. 

tf 

II 

S.  typhimurium 

Ttirkey  skin,  frozen 

13  mo  si 

Bro wne 

1949 

TISSUE,  GENERAL 

i 

8.  typhimurium 

Chicken  tissue,  93-S6  C. 

Jnoc,  3,15  X 10  /gm. 

Hus a e man 

1951 

after  broiling 
after  roasting 

Recov.  ,18:^  in  42  i;iln, 
Inoc.  9.36  X lo'*/gm. 

■ Recov.  0.1/^  in  140  min. 

1 

1 

1 

II 

It 

i 


I 


I 


TABLE  THE  SUHVIVAL  OF  SALMONELLA  T'/PHOG/.  IN  THE  BODY  (A’lD  BODY 

MATERIALS ) 


Fnotor(Q) 


"BLOOD" 

Norraol  goat  aerum,  dried 

Sterile  rabbit  blood  oucp. 


Survival 


Re  f e re  n c ' 


Death  rote  logari  Lh:!iic  in 
recponoe  to  cone,  of 
ai’rviving  organiamo.  Chic* 

7 .vre.  Frobi: 


1912 
194  7 


sterile  " « h , 

Blood  & peritoneal  fluid, 

R, T. . air  excluded 

1 etr.  viable  18  yra.  ''  " 

Virulence  oreaerved  vlO  vr.Puntoni  1924 

FECES 

Freezing 

Fluid  otool,  R. T. , dark 

Fluid  Stool,  dark 

Stool  dried  on  filter  paper, 

i 

Several  linutea 
4 d. 

4 d.  1 

i 

1 1 

i 

Beard  1940 

Bold  1944 

« 1943 

1 

i- 


R.T.  ! >55 

Stool,  thin,  watery,  dark,  RT.  3 
'•  M dried  on  : 

filter  paper,  R.T. 

Fecea  in  a latrine 
Fecea  in  a caak  25 

Fecea  in  earth  of  latrine,  : 

buried  10  d.  <40  d. 


d. 

d. 


: > 

130 


137 

d. 

d. 


d. 


ffalv. 

It 


•no 


1944 

II 

II 

1900 


Fecea  in  aand 

15-20  d. 

M 

Fecea  in  loam 

;5-15  d. 

II 

Fecea  in  gravel 

•10-20  d. 

H 

After  being  10  daya  in  latribe  the  organiamo 

were 

no  longer  virulent. 

! 

II 

8 C, 

iRecov.  0 in  5 d, 

Gartner 

199  3 

C. 

iRecov.  0 in  10  d. 

II 

Tap  water  with  atool 

Inoc.  100,000/cc 

water 

Horrocke 

1911 

Recov.  200/cc  water  in 

2d'. 

R.  T. 

62  d. 

Jordan 

193S 

Fecea  in  latrine,  winter 

5 mo  8. 

Levy 

1 905 

-8  ti  -30  F. , expoaecl  to 

1 

open  air 

40-50  d. 

Lu-li-nuan 

1 r vj  > 

Not  found  in  fecea  of  cockroach 

.lacfiK 

ir,  ;2 

12-17  C, 

Viabl'i  after  4-12  d. 

Schill c r 

1990 

Liquid  manure 

4 d. 

M 

Liquid  manure,  13-22  0, 

9 d. 

II 

« •«  below  12  C. 

0 cl. 

II 

" " aboveiq  C. 

3 d. 

II 

cca  & urine,  16-20  C. 

Viable  7 d. 

n 

8 day  cult.,  belov;  12C. 

Viable  7 D. 

M 

10  day  cult.,  below  12  C. 

Viable  9 d. 

II 

13  flav  dull.,  below  12  C, 

" 27  d. 

« 

15  d.  cult, , 12-28  C. 

Viable  9 d. 

II 

5 d.  cult.,  below  12  C. 

. « 14  d. 

tt 

" over  18  C. 

Viable  6 d. 

n 

21  d,  cult,,  below  12  C. 

Viable  13  d. 

fi 

Liquid  manure  12-17  C. 

! " 4 d. 

II 

6 d.  cult. 

1 

Liquid  manure,  10  d.  cult. 

i ••  4 d. 

n 

'•  * 13  d.  cult. 

••  7 d. 

H 

TABL^ 


THE  SURVIVAL  OF  SALMONELU  TYPH03A  IN  THE  BODY  (AND 
EQDY  MATERIALS)  


FGC!tor(o) 


FECSr , -aONT, 

Freoh  fecec,  L7-22  C, 
weekly  acid. 

Fresh  fetes,  17-28  C.  neutral  Viable  121  d, 
Fresh  feces  & urine,  -22  to 
5 C,,  weakly  alkaline 
Old  feces  & urine,  17-22  C. 
alkaline 

C3ld  faces,  1C  alkaline 
Fresh  feces,  weak’ acid 
Feces  3b  urine  in  moist  gard'^n 
son,  83-0  C. 

Fresh  feeee  & urine,  neutral], 

10  C.  or  less. 

Fresh  feces  te.  urine,  weakly 
alkaline,  10  C.  or  less 
Human  feces  on: 

dates  2 d. 

vinegar  1 h. 

mango  2 d. 

banana  2 d. 

apple  4 d. 


Survival 


Reference 


Viable  115  d. 


Viable  36  d. 

Viable  116  d. 
Viable  116  d. 
" 44  d.- 


5^  mos. 
66  d, 

21  d. 


Uf  f elman 

R 

R 

R 
R 
R 


1889 


Vasquez 

H 

R 

R 

R 


1924 


SKIN 

Self  sterilizing  ability  of 
due  to  drying 
Palm  o^and 
Washed  nlde 

Dirty  or  fatty  skin 


^kln  against  organism 

Intirely  deetroyed  10  min 
Inoc.  550,  Rcoov.  1,  30 
;.ii.  ui,eo 

Several  hours  


Dold 
Krueger 

I Norton 
Singer 


1919 

1942 

1938 

1929 


URINE 

Soaked  in  urine,  dark 


Hewlett  1909 


Inoc.  240,000,  Surv.  10  q, 

Soil  & urine,  dry,  lab,  lemg).  lijoc.  12,000/gm  coil, 

Recov.  330/gm.  soil,  7 4,  Horrocks  1911 
Inoc.  1,660/gm.  soil 
Recov,  280/gra.  soil,  10  d. 


Garden  humus  with  urije,  ex 
posed  on  veranda,  no  rain, 
dry. 

Warm  tepp. 

-8  to  -30  F,,  exposed  to 
open  air 
12-17  C. 

Ufcine  infected  water  from 
well 


R 

R 


■ I.'*  -Tucose 

Tl5i1jE,''^TJEitERAir 


< 80-40  d. 

Lu 

1933 

i40-50  d.  , liU-ti-huan 

jViable  after  4-12  d,  ’JBchiller 

1930 

1890 

|A  few  days. 

7acek 

1932 

' » 

!14  wks. 

Zeller 

1948 

Skin,  clean  'Inoc,  4,000,  Recov.  1,  10] 

Body  temp,,  dirty  fatty  skin.  Several  hro. 


Palmar  surf.,  clean,  body  t. 

Human  bile 
Beef  bile 

Oyster  juice  & stomach, 

50-60  F.,  Ice  broth  cult,  30  d. 


Recov,  0,10  min, 
>160  d. 

>141  d. 


min.  Arnold  1930 
Arnold  1930 

m 

iDeckwith  1921 

R 

Foote  1895 


TABLE  THE  SURVIVAL  OF  SHK3ELLA  SPECIES  IN  TTiE  BODY  (AND  BODY 

MATERIALS ) 


% 


w 


Paotor’(£i ) 


in  open  box 


PEbES 

Sj^  emblRua 

Desert  temp., 

with  flies  ■ ! 297  b. 

S.  dyfienterino 
R.T.,  i“^rFrc. 

Fluid  stool,  R.T.,  dsrk 
Orip.inal  fec.es 
Df’ied  feces 

In  artificially  Infected  feoHl  tnu I.ei'lal,  Uie 
bacilli  were  detectable  |-1|.  d.  when  liquid 
and  33  d.  dried, 

(Ruhr  bacillus).  Fluid  atiol  0.2  d. 

Dried  stool  | 27.2  d. 


II 

It 

II 


II 

II 

II 


Fluid,  R.T.,  dirk.  10  d. 


Dried  in  nark 
Fluid,  dark,  R 
Feces,  1.5~li.-  mixed 
with  earth 
Stool,  cool,  dried 
Fresh  feces 

-0  to  -30  F.,  Exnoaod  to 
o .eri  a ' 


Survival 


From  ^ to  Vj  d. 
5-1 1|  d. 

31  d. 

113  d. 


1 mo, 

T.  20  d. 

*>  101  u, 
1-2  wka. 
5 d. 


Not  found  in  feces  m’  cocljcrnach 


Up  t 55  d. 


Desert  temp.,  out  oc  .sun. 
Human  feces  on  mango. 

P.  " b.cnana 

" ” apple 

3.  paradysenterlao 
I4.O  C.  ffl'exnori ) 

20  C.  ” 

30  C.  « 

R.T.  " 

Dried  fecos  ” 

Original  feces  (para(i''s  . ) 
Dried  feces  ” 

Original  feces  (His^Y) 
feces  " 

’ 'Original  feces  (flevneri) 
Dried  feces  ” 

Desort  lomp.,  out  ob  sun 
Direct  sun,  all  day. 

Hiiman  feaes  on  mango 
banana 


II 

II 


It 

It 


S.  sonnei 
20  C. 

30  C. 

37  C. 

R.T. 

Poces 


apple 


11  d. 

1 h. 

1 h. 

1 h. 

96  h. 

)|-8  h. 

21).  h. 

Dried  out  quickly  in 
fecal  specimens 
32  d, 

97  d. 

270  (J. 

3 d. 

12  d. 

31  d. 

113  d. 

273  d. 

1 hr,  20  mil  . 

5 hrs. 

2 b. 

ij  d. 

72  h. 

2li  h , 

6b, 

6-11  d. 
l-ll|  d. 


Reference 


Stewart 

1944 

Crulckshankl9U-2 

11 

1940 

Dold 

1947 

It 

If 

1 

19i|3 

tf 

1944 

ft 

ft 

ft 

If 

1932 

I Joe 

1950 

1 KusiU'iia 
\ 

1925 

i Lu-ti-lii,inn 

1930 

Macf io 

1922 

.■stewart 

1-944 

Vasquoz 

It 

1924 

It 

Bnrnai’d 

1946 

II 

II 


Cruickshank  19ii0 
Dold  19ii7 

II 

II 

It 

H 

Tt 

tl 

Stewart  19i|i|- 

\asquez  192/i 

II 

II 

Barnard  19 '16 

It 

11 

Cruickshank  19UD 
Lowbury  1943 


table  the  survival  op  SUrJELLA  SPECIES  IN  THE  BODY.  (AND  BODY 

MATERIALS) 


Pactoi*(s ) 


URINE 

' S.  dys enter iae 

Urine,  war^tn,  Indoor, 

-8  to  -30  P.,  Exposed  to 
open  a 1 r. 


TISSUES,  GENERAL 
S,  dysonterlae 

Filtered  hunan  gastric  jui 
pH  li..5 


Survival 

14.0-1^0  d. 
d.  


Rof  oi'onco 

Lu  1933 

Lu-tl-huan  1930 


|ce , 

Germicidal  for  Sonne* 
Duval  strain  of 
S.  dysenteriae 


pelsen  1939 


TABLE  g/”  THJS  SURVIVAL  OP  STREPTOCOCCUS  SPECIES  IN  THE  BODY  (AND 

BODY  MATERIALS) 


Paotor(s) 


BLOOD 

S»  feoalla 

sterile  ‘ra-bblt  blood  3usp^ 
S,  hewolytlcvis 

R.T.,  licjjid  paraffin, 
arachis  oil 

Refrig.,  liquid  paraffin, 
arachia  oil 
Saliva,  R.H.,  UO-5^^ 

Sterile  rabbit  blood  suspJ 

« '•  fi  ^ 

S.  liqiief aniena 

Sterile  rabbit  blood  3usp,j 
S.  spp. 

Horae  seruin,  1^5  G* 

37  C.  for  3 bra.,  defibrirj 
ated.  Sprayed  from 
ohanber. 


§ra 

S. 


Survival 


7“19  yrs, 

fi  wks  . 
i|.  wks  . 

4 wks, 

5 37  wks. 

Mortality  rates  smaller 
than  uneumocoocus . 
Alive  ifi  yrs.  (Beta) 

'•  9 yra.  (Alpha) 

7-19  yrs. 


•Increased  from  600  org. 
per  unit  to  50,000/unit( 
in  1-7  days, 


Ref eronco 


Probi;  her  19i|7 


Ooulthard  19^1 


Dunklin  1948 
Frobi  her  ' 9i+7 


Bel  in 


1933 


Buchblnder  19lll 


ayogenes 


l!*?ngera,  exposed  2 min. 
«.  ■"  54  min. 

^ " llfi  " 

Palm,  exnoaed  2 min. 


Inoc.  1270,  wash  off  329| 

" 122fi,  " ■ 190 


Burtenshaw  1938 

n 


In  ti 

Forearm 


II 

If 

II 


5U  min. 
118  min. 
2 min. 
A).  »» 


Dead  dkln. 

It 


« 

If 

ft 


120  " 

3 rnln. 

69  in . 

120  " 

.Left  palm,  exposed  /(.  I'in. 
Right  palm,  ” l\.  r^-in. 

Exposed  to  long  chain 
fatty  acids. 

S.  hemolytlcus 

Normal  sR^tn  of  hand,  R.T. 
Prom  broth  culture. 

Hands  of  normal  person 


Skin  of  hands. 

Washed  hide 

Surface,  washed  hide 

Wounds 


It 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 


339, 

1270, 

1228, 

339, 

1971, 

1228, 

339 

i9n. 

1.22B 

339 

J|.8 


3.1 

50.6 

.32 

96 

157 

78 

78 

88 

232 

14 

.22 

0 


Lethal 


Recov.  30  million,  3 mir^ 
” 1,7  " 1 h. 

” 7,000  2 h. 

Group  A isolated  from 
hands  of  7 out  of  l8l. 

Non-homolytic  on  nearly 
all  of  hands. 

6%  vinblo,  1 h. 

Irioc  , '’400,  Recov.  400 
30  min. 

Inoc.  1,000,  Recov.  75, 
30  min. 

Alpha  strop,  found  in  3 
of  82  wounds. 


II 

II 

II 

II 

II 

n 

■II 

n 

II 

11 

II 

II 


Burtenshaw  1949 
, Colebrook  1930 

II 


Krueger 

Norton 


1942 

1932 


TABLE  (CONT.)  THE  SURVIVAL  OT  STREPTOCOCCUS  SPECIES  IN  THE  BODY 

(ANI  BODY  MATERIALS) 


Pa«tc:?(  a ) 

SiArvlval 

Roferciiice 

SKIN  (CONT.) 

S.  pneumoniae 

Exposed  to  long  chain 
fatty  acids 
S.  vlridans 

Exposed  to  long  chain 
fatty  acids. 

Lethal 

Lethal 

Durtenahaw  1943' 
n 

SPUTUM 

S.  hemolytlnus  (Beta) 
Dr'ied,  3?  G. 

Viable  at  150  d.  ’ 

Germane 

1897 

Saliva 

In  20;j  no  strep,  demoni 
strable.  same  stre 

na  in  throat  oiilture. 

P* 

Hamburger 

19UU 

TISSUE,  GETTER AL  ^ 

S.  hemolyticus  (Beta) 
Dried  membrane,  ^7  C. 

Viable  after  3 mos . 

[ 

Gormano 

18S7 

Nasal  secretion 

Retjovcrable  after  last 
normal  hand  washing. 

Hajiib^irger 

1946 

Nose  throat,  sulfadiazin 

1 gm/day. 

Survived  longer  on  skin  th 

e 

More  marked  sensitivity 
in  nose  than  throat, 
an  on  filter  paper.  \ 

Hellat 

1948 

Throat  swats,  Ice  box,  . ri 

ed.  } ! 

Jettnai'i 

1927 

S.  spp. 

Animal  excreta, 6l  P. 

Inoc . 1"3»  Recov.  ,03 
in  7 d. 

Savage 

1917 

TABLE  THE  SURVIVAL  OP  VIBRIO  SPECIES  BI  THE  BODY  (AND  BODY 

MATERIALS) 


-it ' 

^ P)^ct.or(  ti ) 

Survival 

n<;for  nee 

1 

Skidmore  1932 

fi 

a 

II 

BLOOD 

V.  coiT'T'io 

: R.T?.,"  dry,  fflass  smear, 

' fowl . 

Turkey  blonc’,  5 C.,  dried 
on  nlrss 

Turkey  blood,  3'7.5  C., 
t dr.i  ud  on  glass 

||  Beef  bouillon,  37.5  C.  in 

I test  tubes 

fi  d. 

J|7  h. 

i 

1|7  b.  1 

{ 

Vioblo  ■>'  wks  . ! 

i PECES 

1 

' V.  comna 

i 

1 • lilies  in  contnot  with  ntr-f 

1.  1 

f rich  in  organisms. 

Found  in  foces  j 

Alossandri 

* Abs.  hiOTidlty,  10-11  mg/cu 

Long  (inouirih  for  infect ioj 

meter 

ri  Boy  1948 

30  C. 

Recov.  0 in  10  d.  ' 

Gartner  I898 

8 C. 

’•  " 5 a.  1 

tf 

Rice  water  stools,  dark 

cool  weather 

7-8  d. 

Grelg  1913 

Rice  water  stools,  dark 

warm  weather. 

1-2  d. 

11 

-8  to  -}0  P.,  Ex  oaed  to 

! 

, open  air. 

O-30  ci , i 

Lu-tl-l.mau  1930 

Feces 

lit-  ri.  , 

! Schiller  I89O  , 

Liquid  manure 

13  d.  j 

!Ui 

Fresh  feces  urine,  17-22 

C.,  weak  acid 

Viable  2i}.  h. 

Uffelman  I889 

9 C.,  weak  acid 

Viable  2)4.  h. 

If 

Old  feces,  thin  with  xjate 

c. 

i 

1^-22  C.,  weak  alk. 

Viable  ^6  h. 

1 11 

9 0.,  weak  alkaline 

Viable  2)|  h. 

i ft 

1 

Fresh  feces  iirl  ne , 17-28 

h.  VirblG  72  h. 

1 i» 

1 

9 nr  loss 

Viable  PJ;  h. 

1 

j 

Dlorrhelc  feces  »r.  urine  , 

I 

17-22  C. 

Viable  ]|b  h. 

tf 

9 C.  or  leas 

Viable  I48  h. 

If 

Human  feces  on  chico,  cu- 

cumbers,  papaya,  lettuce 

OvernigV\t 

Vasquez  1924 

Human  feces  on  cut  cucTimb. 

> 20  hrs  , 

If 

" ” " ''  papaya 

< hrs. 

If 

” ” " shrimp 

22  hrs  V 

ft 

” " " oysters 

lf.6  ha 

11 

" ” ” ins  ide 

open  clam. 

If.  d. 

tf 

« » ” dates 

1 2 hrs  a 

tf 

1 '•  " ” vinegar 

1 h. 

' ft 

1 

” *'  " mongo 

2 d. 

ff 

f '*  " " teanana 

'2d. 

11 

h.  V.  comma 

Ur  in !? , warm,  1 n fi  oor . 

< ?r)-)|0  d. 

Lu  1933 

-8n  to  -3D  , or  on  oi.T* 

6~jC  (.h 

Lu-ti-huan  1930 

Urine 

li|.  U 

Schiller  I89O 

TABLE 


THIC  SURVlVA.Li  OF  VIRUSES 
IN  TT’:.:  BOl« 

(AND  BUDl  MATERIALS) 


Pe  ctor  ( 3 ) 


BLOOD 

Hoof  k Mouth  virus  j 

thawed  at  R.T.,  .'J4. 
hi’s.  previous  to  tost. 
-10  to-RO  C.,  thawed  ^.»hen 
to  sted 

G.p.  lymph,  pH  y.?,  in 
phf'sphate  buffer 
Dried  lymph  70  C,,  dried 
in  P;jO^  in  vacuo 
Dried  lymph  1R2  C.,  dried 
'•ri  th  PpOf  in  vacuo 
Dried  lympA  of  g.p.,  52  G 
in  PpO^ 

Dried  lymph  of  g.p.,  H.T. 
Dried  serum,  R.T, 

Dried  plasma,  R.T,  1 

Dried  preserved  serum,  R.T) 

Fresh  g.p,  lymph,  2-7  C,,  j 
stored  in  -"010  room  ! 

Herpes  j 

U.V , radiation,  fresh  ! 

normal  rabbit  aeriim 
Normal  rabbit  serum 
Mexican  typhus 

Blood  and  tissue,  5 C, 
Yellow  Fever  v ir.is 

Blood  dried"" in  vacumn  j 
while  frozen  1 

Monkey  blood  with  liver, 

-10  C,,  in  sealed  sterile 
test  tube 

JRi f r.  VellHy  Fever  ' 

Blood,  rei'rlf’orrt.or  | 

Blood  , rerrlc^crfi  i.or(  n tor-  j 
ed,  fluid)  i 

Serum,  refrigerator 

FECES 

Hoof  & Mouth  virus 

Inoc,  g^p*  tissue  fe  stor-  ! 
ed  -20c,  ^ 

Moist,  cool,  3. 5-5. 5 C,, 
for  105  das,,  drj.ed  rap-  : 
idly  in  Vacuum,  H,T.  j 
Infective  Jaundice  i 

Dusi”  borne,  dried  1 

Newcastle  virus  j 

Dialed  chicken  feces,  pH  ! 
6,3  and  b,.d  1 

Psittacosis  ' 

Exposed  to  HCOH,  0.2%,  1 

R..T,  I 


Survival 

; Reference 

6-7  weeks 

1 

1 

Hender^son 

1948 

5 3/4  mos. 

2 yrs  and  20  das, 

Sichert- 

Modrow 

1930 

2 1/2  hi’s. 

3 min. 

If 

II 

Still  Infectious  14 

hr. 

Still  infectious  10 

das 

M 

It 

Still  infectious  5 

das . 

Still  infectious  7 

das . 

Still  infectious  4^ 

dps 

II 

II 

Retfined  virulence 
das 

190 

Stockman 

1926 

10  min. 

Gunderson 

1932 

40  rn'n. 

MCKlnloy 

192fa 

79  das. 

Macchlavello 

1937 

154  das. 

Sawyer 

1929 

7 vrks  . 

Sellards 

1928 

days 
2 yps  . 

5mi tnb  urn 

1949 

1044  das. 

I? 

tf 

2-3  mos,. 

1 

Andrews 

1931 

283-345  Days 

1 

i 

Hull 

1947 

31  das. 

Anderson 

1947 

Olesiuk 

1951 

Infective  up  to  10 

^as 

Hull 

1947 

TABI£  (CONT»D)  TUS  SURVIVAL  OF  VIRUSES 

. , . ' IN  '”UE  BODY 

(AND  BODY  MATERIALS) 


' 

Peotor( s ) 

Survival 

1 Reference 

FECES (CONT’D) 

Polio  Vil’US 

^ • 

36  mos. 

Kramer 

1940 

Stools 

V-H  vfks,. 

Horstrn.n’fi 

I'v^di 

Foces  of  child 

Recov,  7 das,  after  on- 

Kramer 

1939 

I tat  of  illness 

Stools,  virus  found  in  stools,  Inectivsted  by  In- 

KrunibJ  Orel 

199.4 

activated  sludge  end  chlo 

rinatl on 

Stools  of  convale aconts 

' and  123  das.  after 

mild  abortive  polio 

Lepine 

1939 

Feces  of  polio  victims 

Possibly  a matter  of  hrs 

Maxey 

1943 

carriers 

Stool 

viable 

Paul 

1941 

Stool  in  transatlantic 

16  das. 

Paul 

1939 

mall 

Aqueous  stool  suapn.,  ice 

2 1/2  mos. 

Paul 

1940 

box. 

1938 

R§ frigerated 

10  wks. 

Trask 

Stools  of  convalescents 

2?-123  das,  after  ab- 

ortivo  cases 

Refrigerated 

75  days 

It 

Tt 

SKIN 

Influenza  virus 

Htunan  akin,  inoc.  0,2cc 

50%  recov,  in  10  min. 

Krueger 

1942 

virus  suspn, 

Sxiapended  in  chick  alien- 

45-50  min. 

Parker 

1944 

tolc  fluid,  akin  of  hand 

Vaccinia  virus 

Light  reduced  1/2 

Pustule  up  to  b hr. 

He  rz  berg 

1933. 

Sputum 

Virus  apD. 

nor 

Recovery  positive ,92das 

Arloing 

19.27^ 

GENERAL 

Hoof  & Mouth  virus 

Inoc,  g.p.,  2 C. 

2-3  rtios , 

Andrews 

1931 

Beef,  -20  G,  buffered  sol. 

4 mos. 

Henderson 

1948 

Tissues,  liver,  kidney. 

24  hrs. 

rumen,  4 C, 

Liver,  rumen,  lymph  node, 

5 3/4  rios. 

It 

tr 

-lOto  -20  C,,  thawed 
vrhen  tested 

4 0.  pH  5*6 

-20  e,,  pH  b.b,  thawed  in 

V3  df)s. 

1? 

It 

buffered  sol'n. 

11  das 

120  C,,  ph  6,6,  thawed  in 

4 mo  s , 

tf 

ft 

buffered  sol’n. 
Muscles,  near  0 

1 wk 

Rublno 

1929 

Bona 

At  least  40  das 

Carcass,  -20C.,  pH  6,b 

4 mos , 

Henderson 

1948 

' i ; ttaawe d 1 at  R.T. 

Kinderpest  virus 

Live  rabbits  & storage 

7 das. 

Haddow 

1947 

TABLE  H/^aONT'D)  THE  SITRVIV/'X  OP  VIRtTSS^ 

i:n  the  body  ' 

(AND  BODY  MATERIALS) 


Pactor(8) 

■ 

Survival  ' 

Reference 

GENERAL(CONT'D) 
Polio  virus 

1915 

Brain  tlssuo,  C,,  in 

asoitic  I'luid  kldnoy 

20  but  not  3.0  das* 

Floxner 

Polio  stored  In  animal  tls 
time  does  not  retnin  viab 

sue  over  long  period  of 
llity . 

Flexnor 

1917 

Nasal  waaJriliigs  of  child 
Nasopharynganl  v»ashlng 

Rorov,  5 das.  after  on- 
set of  illness 
Recov.  9 das,  after  on- 
set oi‘  illness 

Kramer 

1939 

Pharynx 

Recov,  10%  viable 

Paul 

1941 

Fresh  prep,  in  amoeba 
proteus 
Rabies 

<■3  das. 

Toomey 

1948 

Rabbit  brain,  5 C, 

> 6B  dps. 

Remlinger 

1934 

Brain  in  glycerin  , in 
disintegrator 
Brain  suap’n  in  liquid 
air,  dil,  1:10 

4V  das 
24  hf*3. 

Barrat 

1904 

• 

pH  2, 

Acids  & ellcelis  harmful  in 
Heroes  virus 

^ 1 hr., 

proportion  to  cone* 

Drosel 

1934 

j \ 

20%  ausp’n  of  rabbit  brain 
in  buffered  physiological 
saline,  37  C, 

100  hrs. 

Book 

1940 

Brain  emulsion 

40  min 

McKinley 

1926 

U*  V.  radieclon,  cornea 
Yellow  Fever  virus 

15  min. 

Gunderson 

1932 

Liver,  -12  C, 

^1  mo. 

Sawyer 

1929 

Mouse  brain,  d C. 

Mouse  brain  plus  ^0%  gly- 
cerin, stored  at  2-4C. 

Non-virulent , 160  das. 
Infective  after  das, 

but  not  often'  100  das. 

Theiler 

1930 

! 

j 

Mouse  brain  in  whole  mon- 
key serum,  -7d  C. 
Influenza  vlrua 

6 mos. 

Turner 

1938 

i 

Palmar  skin 

Mouse  brain  susp’n  in  N 

Recov, 50  in  10  'min. 

Anon, 

1943 

i. 

rabbit  serum,  -20to  -30C. 
Mouse  lung  susp'n  in  10% 

^6  mos. 

Olltsky 

1949 

i 

‘p))a4,n  broth,  -76C 

()  mos. 

Turner 

1938 

1 

t 

Frozen  rabbit  testes, 
-78  C. 

Newcastl* 'Dlse  ase  vlrua 

3 yrs. 

■burner 

1939 

'i 

! 

Skin,  eviscerated  carcass, 
34  P,,  exp.  Infected 
Bone  marrow 
Unplucked  carcasses, 
skin; 

96  dns 
134  df B 
160  das 

Asplin 

1949 

i 

i i J 

bone  marrow 
Powlpox  virus 

196  dna 

tl 

Dried'  jn'at'6#*ial  from  les- 
ions 

2 yrs. 

Loewenthal 

1906 

6vwt  M VI' 


f 


TABLE  _B/^J.0NT»D)  THE  SITRVIV/I,  OF  VIRUSgJS 

IN  THE  BODY  t 
(AND  BODY  MATERIALS) 


P&cfcor( B ) 

Survival 

Reference 

GENERAL(CONT'D) 

Polio  virus 

Brain  tlssuo,  yf  C,,  in 

20  but  not  30  das. 

Flaxner 

1915 

asoitio  fluid  kiclnoy 
Polio  stored  in  animal  tls 

sue  over  long  period  of 

Flexner 

1917 

time  do£s  not  rotnin  vlab 
Nasal  waaliiilig,8  of  ohlld 

ility, 

Recov.  5 das.  after  on- 

Kr  sme  r 

1939 

Nasopdaryngaal  wasning 
Pharynx 

sot  of  illness 
Recov.  9 das.  alter  on- 
set of  Illness 
Recov,  10%  viable 

Paul 

1941 

Fresh  prep,  in  amoeba 

<3  das. 

Toomey 

1948 

proteus 

Rabies 

ftabblt  brain,  ^ C, 

6H  dps , 

Remlinger 

1934 

Brain  in  glycerin  , in 

47  das 

Barret 

1904 

disintegrator 
Brain  susp'n  in  liquid 
air,  dll,  1:10 

pH  2. 

24  bcs, 

pTOportion  to  cone, 
100  brs. 

Dresel 

1 

193q. 

Acids  & alkalie  narmfui  in 
Herpes  virus 

20^  susp'n  of  rabbit  brain 

Book 

1940 

in  buffered  physiological 
saline,  37  C, 

Brain  emulsion 

40  min 

McKinley 

1926 

U*  V,  redietion,  cornea 

^ 15  min. 

Ounders on 

1932 

Yellovr  Fever  virus 
Liver,  -12  C, 

^1  mo. 

Sawyer 

1929 

Mouse  brain,  B C. 

Non-virulent,  160  das. 

Theiler 

1930 

Mouse  brain  plus  gly- 

cerin, stored  at  2-4C, 
Mouse  brain  in  whole  mon- 

Infective  afWBr  58  das, 
but  not  ofton'  100  das. 

6 mos. 

Turner 

1938 

key  serum,  -7H  C, 
Influenza  virus 
Palmar  akin 

Recov,^Q  in  10  ‘min. 

Anon, 

1943 

Mouse  brain  susp'n  in  N 
rabbit  serum,  -30to  -30C, 

^6  mos. 

Clitsky 

1949 

Mouse  lung  susp'n  in  10% 
,‘pl>B^n  broth,  -7BC 

b nos. 

Turner 

1938 

P?*ozon  rabbit  testes. 

3 yrs. 

'■*-urner 

1939 

-78  C. 

Nevrcastlt*  'Disease  virus 

Skin,  eviscerated  carcass, 

96  das 

Asplin 

1949 

34  P,,  exp.  Infected 
Bone  marrow 
Unplucked  carcasses, 
skin} 

bone  marrow 

134  dpH 

16 0 uns 
196  das 

ft 

If 

Powlpox  virus 

Dried  jnetbMal  from  les- 

2 yrsc 

Loewenthal 

1906 

ions 


TABLE  (CONT'D)  THE  SURVIVAL  OP  VIRUSES 

TTIE  BODY 

{AND  BODY  MATERIALS) 


Pec!tor(s) 


QENERAL(CONTD) 

Vaccinia  virus 

House  brain,  4 C,,  Dried 
over  CaCl2  In  sealed  glas!, 
vessels 

Mouse  brain  tissue,  20^ 
glycerin  In  water,  strain 
il  Neurolaplne  R,G,A, 
Mouse,  brain,  temp,  of  fro-, 
ezing-drying  apparatue, 
strain  II  Neurolapln  R.G, 
A, 

Mous«  bl’ein  tissue,  4 C., 
strain  II  L 3b, 

Mouse  brain  tissue  plus 
glycerin,  refrigerated. 
Strain  II  L 3 b. 

Mouse  brain,  temp,  of  fre- 
ezing-drying apparatus. 
Strain  II  L 3 b 
Mouse  brain  plus  glycerin 
Stra,in  II  L 3 b 
Chorion  plus  calf  lymph, 
temp,  of  re-frlgerator, 
Strain  III  Breslan 
Chorijfln  plus  calf  lymph, 
temp,  of  refrigerator, 
Strain  IV  Dresden 
Chorion,  4 
■'Strain  V Hanover 
Neurotropic  viruses 
to 

Bncephall tides 

Brain  tlssiie,  ^0%  glycerin 

Dried 

Frozen 

pH  below  5»5 
pH  9.P 

Mouse  brain  suap'n  in  N 
rabbit  serum  -20to  -30C 
(Jap.B  encephalitis) 

MouDse  brain  emulsion  in 
plain  broth,  -7BC. 
^Mefiingo-meningl tl s 

Frozen  rabbit  testes ,-7HC 
Lympho-granuloma  inguinale 
Prozen  rrbblt  testes, -7MC, 
Smallpox  virus (Varl ola) 

Dry  crusts,  R.T.,  daylight 
and 'dark  | 


Survival  ' Ref'‘ronc() 


Still  virulent  to  mice 
In  71  hrs. 

Haagen 

v39 

Recov,.  after 
aege-iO"mos. 

28th  pas- 

ff 

(1 

Recov.  after 

1 yr  9 mos 

n 

M 

Renov,  after 

2 yrs. 

It 

It 

Not  virulent 

r — i 

P 

CD 

a 

Still  snoT.»ed 
action  after 

skin  re- 
1 yr. 

ft 

(f 

Still  showed 
action  after 
SJill  sho^’ed 
action  after 

akin  re- 
6 mos. 
skin  re- 
2 yrs. 

II 

ri 

Still  virulent  after 
2 yrs. 

n 

II 

Not  given 

II 

n 

9 mos. 

Olltsky 

1949 

1 yr. 

Lose  virulence 
>3  mos. 

Lose  viability 
Visibility  returns 
<6  ihos 

Hull 

II 

Olltsky 

1947 

II 

1949 

6 rnos. 

Turn©  r 

1938 

3 yrs. 

Turner 

1939 

10  rnos. 

- 

Long  periods  >1  yr. 

Downle 

1947 

TABLS  3 IS  (CONT^D) 


Ptietor(B) 


THE  SURVIVAL  OP  VIRUSES 
IN  THE  BOOT 
(AND  BODY  MATERIALS) 


OEMERALtCON'I'D) 

PneuTnoenterltls  virus 
Calf  lung,  60,  filtered 
thru  Berk,  or  Seita  flit- 


Survival 


Recov,0  In  10  nln* 


Reference 


Oallo 


5?  C, , filtered,  dried  Still  active  In  10  min* 
Dried  lung  in  ref rlget*ator  No  activity,  20  dea. 
Fro?,en  dried  lung  j No  activity,  6 dsfl-i 


Fro?,en  dried  lung  No  actlvl 

Vlrua  eon. 

. Sowe  viruses  retain  their  activity  i 
several  yrs.  Some  bfcter lophage  on 
long  time  in  bacteria  free  filtrate 
Leukocytes  and  spleen  tis^  h mos. 
sue,  4 C^,  dried  by  ppt, 
by  cold  acetone 

4 C.  dried  over  calcium  >4  mos, 
chloride  in  vacuum 
37  C.  15  das 


ctivlty  in  vitro  for 
ophage  endure . for  a 
filtrate 


Boycott 


table  M the  survival 


BACTERIA  IN  THE  BODY  (AND 
BODY  MATERIALS ) 


Factoi»(s ) 


Gastric  Juice 


Survival 


Organ  lams  recovered  Sli 
hrs . af tor  fleedlng  dogs 
500  CC4  alk,  milk  with 
organ  isms . 

have  mild  antiseptic 
3y  lactic  acid. 

1 environment  rich  in 


Sweat,  Freshly  secreted.  May  have  mild  antiseptic 
vd.  ue  due  to  acid  pH  imparted  by  lactic  acid, 
fiasco  surfaces  in  contact  with  environment  rich  in 
bacteria  as  repplratory  and  digestive  tract  have 
strong  inhibitory  effect  on  bacteria  which  is 
lacking  on  tissue  surfaces  of  the  body  cavities  such 
as  v)leura,  pericardium,  peritoneum.  Saliva  plays 
important  role  since  it  contains  inhibitors  .sensi- 
tive to  cold,  siluble  in  water  and  precipitated  by 


alcohol.,  chloroform. 


days  a Ince 
scrapings . 

days  since 
scrapings . 


bath.  Skin 


bath.  Skin 


Saliva  sprayed  in  air 
Hands  h arms . 


Soros  on  man  h boast,  110-120 
Sun  on  sores. 


REPJ'RENCE 


Arnold 
Berge im 


I tone . 

Deltoid  area; 
aerobic  70  orf'aa  isms. 
Anaerobic  37  ** 

Scapular  area; 
aerobic,  i|7  organisms, 
anaerobic,  10  ” 

36  hrs. 

Inoc.  I|,^80,000,  R0COV. 
1,000,000  after  scrubb- 
-Ing  14  min. 


Do  Id 


1947 


Evan! 


1950 


Lukriech  1947 


Price 


I93B 


* Organisms  destroyed.  Sternberg  1894 


i 
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TABLE  _^V  THE  SURVIVAL  OF  BACILLUS  ANTHRACIS  IN  CULTURE 
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Survival 

Reference 
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yrs . and  35  yrs . , 

Novel 

1947 

Attenuated,  5-lOC 

retained  full  immuni- 
zing properties 
Viable  and  virulent  for 
G.P.  after  B yrs. 

Stein 

1947 

37C,  2 mos.  old,  dried 
rapidly 

6 hra. 

Swann 

1924 

LIQUID 

Liquid  air 

6 hrs,  required  to  kill 

Be c qua re 1 

1910 

Bouillon  tubes 

2 mos. 

Duclaux 

1885 

Broth  tubes,  killed  with  1% 
formaldehyde  with  capor- 
ite  soln  & 1%  active  Cl 

2 hrs. 

Hailor 

1948 

Broth  tubes,  killed  by 
Chloramine  soln  with 
active  Cl 

4 hrs. 

t! 

II 

Bouillon  susp.,  R.T. 

10  wks . 

Klrstein 

1902 

Bouillon,  l8c,  strong;  wind, 
direct  sun 

Inoc.  1,254  Col.,  Recov. 
0,  80  d. 

Kruse 

1895 

Bouillon,  37C,  in  dark 

Inoc,  4jl58  Col,,  Recov, 
94»  uC  d. 

If 

II 

Liquid  air,  -l85c 

No  impaired  vitality, 
20  hrs . 

MacPaydon 

1899 

Broth  emulsion  with  unster- 
illzed  milk,  liquid  air 

No  impaired  vitality  7 d 

•MacPayden 

1900 

Liquid  Hp,  -252C 
Servim,  3/C 

10  hra. 

ti 

If 

69  d. 

Panisset 

1925 

Uutr.ient,  sunllp;ht,  air 

24  hrs. 

Roux 

1887 

Nutrient,  sunlight,  no  air 

83  hrs , 

tt 

II 

Bouillon 

30  hrs. 

Sanf elice 
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Attenuated  spores  in  H.  sa- 
line ^ ,o;lyeerine,  5-lOC 
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11-14  yrs. 

Sto  in 
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Phys.  serum  with  glycerine 
20-30C  dll.  lO: 

114  d. 
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II 

II 

” ” dll.  10^ 

1072  d. 
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11 

” " dil.  10^ 
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Bouillon  CTilt.,  direct  sun- 
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ized  air  thru  tube 
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over  fused  CaCla 
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Viable  2l|.  hrs. 

incapable  of  gezTnin- 
ating  7 hrs, 

7 hrs. 
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Reference 


Sanfelice 

1893 

Swann 

1924 
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ft 
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It 

It 

Stein 

1947 

It 
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1:1  n I.  ••»  « / CJ  I 


DRIED,  UENIiHAL 
Typhoid,  phase 
” 3^^  NaCl  dehydraled  in 

Hauat  Holm  apparat. 
Phnp.o , senoral. 

DriQuTn  vacuo 
Drlod 


DRIED,  LYOI’HILIZED 

E,  colL  and  3 Latshylooor'.o 
■7TT~C~'”,7T‘  tha wad  '^6X~ 


lOlh 


' !'/ 1 np 


Dyeentery  phape 

Audition  of  1%  /ro]fltin  w 
lytic  antivity  of  dysent 
prctodted  phopo  for  Inan 
pen-  Dlfoo  yoant,  difco 


Viable  26  yr;s  ■ 

3i  yra. 

Moro  resistant  to  hoot 


Did  not  loB  e activity 
16^  failed  to  survive 

99;^  « *» 

th  lyophlli;^ed  destroyed 
try  phape.  Row  ©sp  white^ 
plvatinp  effect  of  plyco 
brain  heart  infusion. 


1rf 


fresh  awueouo  evtracts  o 
pancreas,  hroln.,  thyniun, 
’•■■roni 0 n/’  s *■. 0 h .U.  1 1 y of  s 
phi  11  on ' Le ■: .1  thin  ex 

pave  protoctlon  to  seusi 
afforded  by  opp;  yolk  its 
for  i|8  h.  to  temp,  of  55 
c/iusea  loas  of  lytic  act 
followed  dessiention. 
lytic  activity..  Additloti 
acid  \ removal  of  prl 
of  foot  .stahil  ity  0 


Nb 


ri-tfr 


!du. 


otapliyJ  oooccus  phnp e 

,01  i%  methyl  one  'hlue. 

Indirect  .'mnllpht 

E-  coll  nhape 
— 

” (hi  np.) 

Dysentery  pliape 

Powdered”*’Sf;  kept  dry, 37  C 


f 


6 r*oa, 

Addition  of  moat,  pnlatifi.No  non-stant,.  protection 
dried  epp  alb..,  peptonej,  for  phago 
gastric  mucin,  human 
se:ta(m  1 human  plasma, 
pH  l.'l  -4,3..  48  hrs,  180..  Survives 
Los.s  '’o  ,'■)  1 3 I an  t to  setnepH 
at  37  C in  acid  mod. 
pH  10-.9-55,  24  h,  18  C„  I Survlv< 
h o 1'  e real i ■ a n i:  t o r.  am  o 
pH  J O' vela  at  37  C„ 

More  resistrnt  to  pH  than  dorres ponding  organism, 


Survival 


Reference 


lie'irt,  p-uscle,  livor, 
kidney  c-ffectlve  in 
bnaitlve  pVmge  during  lyo 
;racted  from  raw  epp  yolk 
jclvft  phago  equal  to  that 
jlf,  Stable  on  exposure 
0„  Passage  thru  0.55^  HC| 
J-vity.  Loss  of  activity 
particular  pH  favor.'! 
of  cysteine,  ascorbic 
br  to  lyophil„  fai  led  to 


5 min 

11  yrs ,. 

7'  17  yrs: 


No  loss  in  activity  aftj'r 

Hohado 


Marcuso 

J vl|  9 

d Si  ':  i > . 1 L 

Voddar 

J '/h  1 

193- 

Sanderson 

II 

190 

II 

Schade 

1944 

Clifton 


Raketen 

n 


5chade 


li31 

-h:47 

1943 

I9iiij 


Sierakowskil930 
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TABLE  0 < THE  SURVIVAL  OP  BRUCELLA  SPECIES  IN  CULTURE 


T!1  / 

X’  CAW  uwZ^  \ / 


DRIED,  GENERAL 

BruQella»  sr^ecie;) 
Dried 


LIQUID 

Brucella  abortus 

Broth,  15'  <'^0  P , , dry 
Spline,  6R  C„ 

Brucella  melltenaia 
Broth 

Brucella  auia 

Aerated  broth  cult,,  ivl  th 
dextrose  ^ a.scorbic  acl 
?.0-2S  C. 

Brucella,  ^.leclea 

Soliio  buffered  to  pH  7«2 


SOLID 

Brucella 


mcllton  si  s_ 

Nutrient  piel' 


7?  c, 


GENERAL 
Brucella 
~ IncuF] 


abortus 

-ys 


f 

37 


Original  smooth  type  wl 
EievHt.Lon  in  ternp  cnu,sog 
cells.  Recovery  when  d 
of  ice  rilm  h surface  o 
small. At  hlp;h  moisture 
low.  Increase  In  dryne 
a tor ape,  Slow  rate  of 
cells.  Recovery  of  via 
,-iflrylnp;  low  unless  NeCl 


, Survival 


4-5  yrs. 


400  d.. 

all  dead  1 min. 


15  d. 


Reference 


P. 


2 moso 


4' '5  wks. 


NO  change  8 d, 


Smooth  replaced  bySmooth 
X at  end  of  30  d.  | Goodlow 
The  three  smooth  type  s wfere  similar  in  virulence, 
antigenic  prop..  The  thrse  differed  in  resistance 
to  alanine  which  acc’.'mu L -ates  In  culture  fluid. 


Optimvira  pH  7-7 » 4 
Brucella  melltcnsis 
Sf;Ored  '3'/  0 , 
BT«uce3.Ia,  speclos 

"sunlight  and  drying 


II  grow  in  alanine, 
roduetiun  in  4 of  viable 
ifferehce  between  temp,  | Hutton 
r .surrounding  sample  is 
of  viable  cells  is  very 
[53  increases  survival  sftt>r 
Iryinp  incre8.S'=*s  % viable 
hi?,  cells  after  freezing- 
present  . 

Innoc.  25  b/cc,  Recov, 

20o2  b/cc,  100  d. 


17 • 3:^  survival  4 yra, 

Lowers  incidence  of 
disease 


1 

Proom 

194'i 

Feldman 

Beelemunn 

1935 

1918 

Bellelli 

1928 

El berg 

19ii7 

Zobell 

1932 

Ransome 

1901 

1551 


1951 


Vcrwey 

1950 

Zobell 

1932 

Stomp 

1947 

Folding 

1947 

'i^ 


TABLE  P L THE  SURVIVAL  OP  OLOSTHIDIWl  SPECIES  IN  CULTURE 


Faotox*(s ) 

Survival 

Reference 

DRIED,  GENERAL 
Cl.  novyl 
Cl.  perfrln^ena 
C3L.  septlouw 
ci.  spp. 

il-5  yrs. 

3-i^  yrs. 
3-4  yrs. 
l|.-5  yrs. 

Proom, 

It 

If 

It 

1949 

II 

II 

11 

Dt?lteD,  LYOPHILIZ^ 

Cl.  botuliniiin 

Sorenson  buffer  soln. 
pH  6,9,  frozen  with 
carbon  dioxide 

±20C  for  9 days  had  no 
effect  on  spores,  slow 
or  quick  freezing  had 
no  effect  on  spores. 

J ames 

1933 

tlciuID 

Cl.  tetani 

Glycerine  lander  hlp^h 

20$^  active  45  min. 

Basset 

1932 

pressure.  (13,500  atm) 
Cl.  botulinum 

Unlnocculatod  dextrose 

Recov.  32-8I5S 

Deck 

1929 

broth  exposed  to  O2  for 
1 hr. 

" pH  6.8 

Recov.  0-57/S 

II 

n 

Unbuffered  salt  soln. 

Recov,  0-37^ 

It 

11 

Subcult.  In  beef  heart 
lOOC  with  peptone 

Recov.  in  l|-2-|  hrs. 

Sommer 

1930 

Above  plus  POk 
Casein  digest^ 

Recov,  In  J|.  hrs. 

II 

n 

Heat  resist,  4i?  hrs. 

II 

It 

IOC  refrlg.  foods 
5C  ^ 

Fost  r(5sistnnt  In  4~8 
day  cultures. 

Growth  only  after  27  d. 

Tanner 

1940 

No  growth  up  to  108  d. 

II 

II 

Glucose,  beef  Infusion 

10  min. 

Thom 

1919 

• uOmI/Gu  lH  Yint.Si’ 

bath  70-73C 

10^  salt  broth,  R.T.,  Lg. 

>49  d. 

Wyant 

1920 

# strains  ranging  from 
1-10  not  inhibited  when 
In  alkaline  mod. 

Cl.  tetani 

Grown  in  dextrose  bouilloj 
3 mos. 

1 

Viable  2-^  mos. 

Wesbrook 

1896 

SOLID 

Cl.  tetani 

Sealed  agar  tithes 

38  yrs. 

Boventer 

1947 

Agar.  37c 

20-25  d. 

San  Pelice  1893 

GEiNERAL 

Cl.  botulinuTn 

^5P 

140  d. 

Campbell 

1932 

lOOC,  moist,  5 hrs,,  pH 
6. 6-7.0 

1 

! Spores  destroyed 

Tanner 

1923 

io5c,  ” 2 " " ! 

II  It 

II 

tt 

TABLE  C C,  THE  SURVIVAL  OP  CLOSTRIDIUM  SPECIES  III  CULTURE 


Pao  toi*  ( s ) 


GENERAL  (cont„) 

110  C.. , 1..^  h,  pH  6.B-7.0 

11^  Co  , 1|0  ” 

120  Co  , 10  mitu  , ” 

16  C„ 

” In  fruits  and  vor<, 
Direct  3unlip:ht,  cotton 
plu!?p;ed  tuboG 
Diffuse  light,  ” 

100  C. 

100  C..  pH  7o5 
105  C,  " 

120  C . " 


Spores  destroyed 

If 

fi 

Young  sj)ores  more 
1I|.  mos . 

>2  yrs. 

211-ij.O  h. 

2mos . 

1 h. 

Killed  5 h. 

IlO  min . 

6 min. 

Decrease  In 
sista^  ce  as 
H ion  decreases 
tnnce  of  spores 


Tanner 

'll 

!!  ^ 1 

n 

II 

II 

1931 

Thom 

II 

1919 

11 

Weis  s 

1921 

I It 

j 

ti 

re  - ' 
ago , 


thermal 
sp  ores 

resis- 
to  heat 


Cl.  fragllis 
Regrig,, 

Cl.  moniliformis 

6 7 p 

R rt  T u 


Cl. 


3? 


erfringens 

C, 


Refrig. 
Cl.  tetholde 

jTc: 

R,T. 


2lp-30  h. 
1 mo 

wks . 

2^  mos. 

3 d. 

1 mo. 

6 d. 

6 wks. 


'Repaci  l';i0 

! II 


II 

n 

n 

ti 

n 


( 


TABLE  0 n THE  SURVIVAL  OP  CORYNEBAOTERIUM  SPECIES  IN  CULTURE 


T&ctoria) 



Survival 

Reference 

DRIED,'  GENERAL 

diphtheria 

Dried 

1 

l].-5  yrs 

Proom 

1949 

Co  MaRnuaaori-Kolth 
Dried,  dark 

• 

6 wka. 

'dttojsen 

, I9J1.5 

Daylight 

2-i^.  wka. 

. A 

Co  -pyogenes 

I1-5  yra. 

Proom 

194" 

Co  app,. 

I4.-5  yrs. 

Dried 

» 

-■V- 

Co  diphtheria 
Bouillon 

Recov.  0,  24.  -h. 

Abel 

l-^v3 

Washed  serum,  dried  in 

• daylight 

121  d. 

Susp,  in  physiol,  sal'. 

Colfdova 

soln.,  washed  -kfl  C, 

b mos. 

394.9  ■ 

2^  glycerine,  - I4.0  C, 

6 moa  . 

phosphate  buffer,  - 1|.8  C 

1 6 moso 

« 

, 

Proteose  peptone,  - ijS  C,, 

6 moa. 

tf 

Old  bouillon 

1 cult,  viab,  6 moa.' 

Kasahaky 

3 B99 

Bo\illlon  suap,  from 

j 

Kirstein 

1902  ■ 

dlph.  membo'o  R,T, 

Innoc . 100 , 000  col . 

" in  daylight 

recov.  6,  21  h. 
24.-ij.8  h.,  ■ 

It 

Bouillon  susp,,  R,T., 

5 do 

n 

cellar 

Bouillon 

523  d,  (Bombay  Str, ) 

Lai 

1921 

Broth  emuls,,  unstor. 
milk,  liqjid  aid, 

No  impaired  vitality  7^ 

MacPayden 

1900 

Llqa id  hydrogen,  -252  C, 

10  h. 

« 

Physiol,  saline,  r.t,, 
absolute  drying  over 

Innoc,  blood  or  serum  , 
agar.  Viable  for  mos. 

Otten 

1930 

sulfuric  acid  in  vacuo. 

Roccv.  0,  5 min. 

T3V\  1 1 V\  ^ ^ 

1 ooA 

Pure  culture , swabs , dark 

60  d.  Pathogenic  4-0  h. 

Schofield 

1916 

Linuid  air  in  glass 

following  isolation. 
Pathogenic  50  bra,  fol- 
lowing deasic.  with  llg 
Recov,  35^  in  2 lira. 

nt . 

¥hlte 

i<:oi 

C,  Magnus son-Hol th 

„5‘^  formaldehyde 

Killed  in  3 h. 

Otto. sen 

l'-4.9 

C.,  pyog6)ie.s 

Pure  culture 

30  d, 

1 

Kirstein, 

^V02 

TABLE  t/?  Tho  SURVIVAL  OP  CORYNEBACTERIUM  SPECIES  IN  CULTURE 


Factor ( 3 ) 


Survival 


Reference 


SOLID 

C-  diphtheria 
Calatina 

Gel_atlne  in  dark 
Agar  cult,. 

Agar  cult  1ti  d rk,  R.T 
Tioefflera,  “23-'5  C . j 
old  cult'.  , 24  d, 
Loefri  TEj,  ^3.'^  U..  j 
old  cult.  ?1|  d., 


Glycerine  agar  tubes 
37  n.j  OKonlzed  air 
aspirated  thru  tube 


18  moa.  still  alive 

331  d. 

7 mos  . 

Still  viable  171-172  d. 

Viable  86  d. 

Viable  86  d.  " ■ 

Gtr.  ?.,  no  growth*.  86  d„ 
Str.  2 colo^flea  • 
viable  86  d. 

No  change  at  end  of  8d. 


Abel 

II 

n 


Abel 

ft 

It 


1.893 


189, 


Ranaome 


190 


GENERAL 

Co  diphtheria 

Incubator,  dried,  R.T. 


ERYSIPELOTHRIJt  RiniSIOPATTIIAE 


Abel 


IO93 


DRIED 

Dried 

Sf-.ored  at  37  C- 


4“5  yra.  Prooni  19l|9 

2.6'^  survived  4 yra.  Stonp  194? 


TABLE  C ^ the  survival  OP  DIPLOCOOCUS  SPECIES  IN  CULTURE 


Pao  tor ( H ) 

DRIED,  GENERAL 
D.  pnauTnonlae 

Dried  "buS~~ f o rmul  1 s; e d 

with  modiried  nrasti’ic 

mucin 

Dried 

38  C. 

Lnas  than  1?  C, 


DRlfiD,  LYOPT-^  iLIZlfiT' 

Dr.  pneumoniae 

Dried,  frozen,  plain 
broth 

ti 

ft 

n 

ti 

Dexl.ro  a a agar 


LIQUID 

Do  pneumoniae 

Broth  0 aal.  Ivw  or  OoG;’f? 

a a line  auap,.  RH  ‘pC:,5^ 
Physiol,  saline,  !hT,, 
abflo  drying  in  vacuo. 
Sen, 'jit o with  Met,.  vi.olat 
36-3B  C,.  wi  th  Hbo 
Reef  bouillon 
”T"  mod.  with  P.  volo 
gelo  in  phy.s  saline, 
ice-’box  temp. 

Blood  with  glucose  or 
serum  broth,  ioo  box, 
hsrmetical ly 


SOLID 

D.  pneumoniae 

1 part  nutrient  agar  and 
5 parts  sterile  aaclti^ 
or  pleuy'lt.ic  fluid. 
Stock  agar  cult.,  covered 
W'th  thin  layer  rabbit 
blood,. 


CENKRAir^ 

D.  pneumoniae 

37"C.  ” > 132  d. 

Change  in  pH  .from  7.80 
to  from  13  h.  to  Ih. 


no  P.. ,,  daylight 
•’10  C.  , dry 
3'6  C . , moist 


Survival 


9 woeka,  agglutinated 
h woeka,  capsules  dis- 
integrated 
7-8  yrs. 

6-8  yrs. 
h“5  yrs. 


3 yrs 

Ty|3e  1,  recoV: 

2, 

”3,  ” 

II  II 

y 3 moa; 


3 yr 
69^  3 yrs 
62%  3 yrp 

72%  3 isrs 


Rgf  erence 


Bourn 


Lai  Kelra 

Patella 

Proom 


Stillman 

II 
II 
fi 

II 

Swift 


i%7 


i9l;8 
1 881 


J 


1921 


high  mortality 
Innoc.  on  blodd  or 
serum  agar.  Viable  mo.a, 
Rocov,  0-lf>  min,, 

<:;0-60-  d. 

36  h... 


> 


6 mos. 


ssverui  no.'j. 


Short  incubation 

>3  mo.i . 

50  d. 


Progressive  increase 
iii  death  rate 
Typ<^  3»  Smooth  9 mos. 
30-60  min. 
d 60  min. 


Dunklin 

1948 

Otten 

1930 

Philibert 

I'!  26 

Rymowltsch 

H 

1902 

Tru  che 

19 

Yourevitch 

1990 

Wadsworth  1909 


Washbourn  1896 


Lai 


Lord 

Stillman 
Yesoir,  J 


19'^1 

\S','P!r' 


TTIl';  .SURVIVAL  OV  ISr/MiERTOniA  COLI  IN  CULTURE 
Ear, tor  ( a ) 


DRIEIL,  ilFLEHAL 

IL’if,  ,1  : fi  (lO'-sa  1 0 t,' ii 
Dr  i r 

Va'.’i'.u''  ir*j:;d.  .^95  L'„ 

K’,r  ,ii  .,.J.  d«-r!v 

Suap  , lu  bfoth,  ■ Co 

yro'/.en  MJifi  bhawed  IP  tin  os 


Sui  vi  va") 


•■in  d. 

7 r'M  , 

'1- 
1 1 d 


Raforenoe 
1 L L* 


I'D  .i*l0,iv)0,00n 

Uo^ov.  !(0  con 


LVif' 
I k'-' 


RLvarsj  T.  19i^7 


i 

P(1  1 


Ll^UTI) 

auapo  6-  1 1 C . 

'^0  85??,  00 X 

,‘o:ln(.:r..so  l;u  toa..  In 
•fltlo  poptono  rll 

. po’tasslum  in'diat.  W8  id  r 
.IW.Xtro.S''  Lonl'I.  l.on  , Fr-ofo-.  i m' 
vacuHTn  do, S3  Ic  , , frooRn  4? 
Oil''  * 11  ro  M/o  1^.8  hi  s , 

Above  viltVi  o'ulturr  nr?-  ?)i  h 
fppezlnp,  Rll  h 


iMiii.  , 1 .■'10. .000  Oori  Hft-. 

lira,  rr.oov  0 5 d; 


'b'l 


IHpti  1 ‘ 1 on  .Mi  ’ '"ii  1 


‘1  ■, 


^7 

MU'  .'(■  L-00, 0’  0.,000/do 

R'loc'v.  I vO , 060  , noo/cc  i 
'•Rh 


1 

1 

1 

1 ■' 

7 

■ 3’nn/r..o , 

1 .3/1;  H 

1 

1 

l1|  .son, 000/ cc 

<><; 

? ‘)0(Y(u-i 
d 

. h„ 

Glucose 

so n 

..A 

0 

O'/ 

d a : 

Hilliard 

Gluoose , 

Lpp 

>'  1 1:  n 1 

in  r 

hr' 

5*. 

rt 

0 1 ucose 

so,:!' 

0. 

.5  <; 

' U; 

s . 

vt 

' < 

-5  0 

1 Br 

« ,» 

?? 

V9 

0 

'■  h> 

J , 

n 

{ 

i 

r,.i 

i d 

■'.•itrur  ti  1 

on  of  90 

III*. O'-  wMon  fro?, 013  in 


Burl ing 


^931 

I9iB 

;i 


:i  Dorg 


39,32 


19 IB 


i. . -1 

v;  -s  t f!  r 

('o  r 3 hr 

_ ' 

ri>jv 

0 0 0 . 

1 V.  I .id 

Erl','  U 

:'d  1/ 

.5  atmsih'. 

^ i ty 

IJcli  ad' 

'v. 

e/i.s  ion 

■)  ry..; 

d.i'.'  1 

id  nil 

:en  te.n'i’o 

r. 

OV 

j'M.l  by  'ii>i  Ir  Ti  1, 

Imp 

vj  ' 1 i , 

N-_  or  CO-,  Pro 

+■90+  , 

■•i  Vi  ; 

i 1 i 1 y 

.'rddjnt’; 

ueoM  e 

or  <•- 

on  'iL'  oy.'.i 

r.o  Lne 

;si.- 

*r"  JL  ' '' 

’ ' ' 1 ! ' 

’ f 1 ) 

' ' ; ) .1  r 

k;  ' 

80/ . 

1.0  min. 

Ho r woo 

15. 

'■  ■(  . 

n 

’.0  Klim 

V 

'•'1 1 

} n ',:  ■* 

r ;* 

,'j()  1 : 

( ,r  t.or' 

1' 

r r,'^ 

J-  /'7  9 

I4.O  Tnin 

• ft 

:/ 

3oav 

■so*l 

n,  , 

48  4 

<>  ii.. 

Joll  f' 

2/ 

-rt 

11 

w 

• ll. 

ft 

8/ 

ft 

id 

,10  C, 

jO  I.. 

' 1 * 

T1 

h% 

yt 

ff 

n 

li 

tv 

ft 

ft 

\i 

A L 

TV 

ft 

Vf 

V1 

1 

1 

‘■'f  ’ 

1 " 

1.9?0 

1895 


TABLE  C ^ 'I’HE  .STfRVlVAI,  01^  K-^GITI^PJCHIA  OOr.l  ;iN  CrJLTUHE 


P^ct;  or’(  ft ) 

LIQUID  • ) 

Buffered  3 G 

pH  6.3"6.('> 
pH  7.0  6.lj. 
pH 

, nS%  NaGi  . -^3^  0 

Had  ao'i.n 

5-  h2%  G .P  d >''.'•■'■•  U.'H  '■‘0 
susp.  ,^n  wa’’('t' 

CuGtux'Oii,  R„T.,  dn!  k in 
Inverted  Pa d'.H 
■185  C LA  quid  alj 
Broth  e'nulaion  with 
milk,  ll.iiuld  a'l 
Qu  11 1 t\ib e e , A.  i <;x i A d a V r 
Llc^uid  H,, , C ..  -■  i!-. 

Lactoas  'pootone  watei 
Serum,  37  0., 

Sena  i t w I i ii  me  t v i o1  <■;  t, 
S„lino  7^  0 , In 

CO-,  Ice, 

Broth  “ " 

Br  0 bli , R T T , 

Sj^line,  -78  C, 

Rinp,era  scln  , pU 


Sui  V I vnl 


Reference 


NaCl  aoln  1 i|.5 


NaCl  coin 


Had  aoln, 


Ca<5A  .acln 


pH  b 


725  r pH  . 

):>H  ' - 

ft  f- 

ti  . 

J M 

Ol  lph  F . T'l! 

nil  n 

" r; 

''  1 ; 

1 . IlG  m , 


« oH  C 

Sf  H R 

„ ,«  Q 

Balencod  aal  t aoln  bo 

distlf^ctly  fovoi'/hln  1.0 
hart  i -'t)  1n  vj.'iter  at 
ont  Irm  iTn  re  r f v;h  I'l  6 ■ 1 1 3 • 
tirirtl'.'  nnfav  .1?^ 
more  a'-.k  ao'n.  Arid  .eo'lji 
;<•  A Tl.  s r ; ' r.  j ..1  \ j ,M nu  ^ r-  n '1  pTt  j 
fa  Torn  vlybAldy  i 


I'lM.'nlmal  finrvlval  Jordan 

6i.('  min  yo;^  mortality  *’ 
abi\Qnnnr'i y neruiji  ■ e '• 

mox  lall. ty  A' 

1.?  in  in  ” 

,i  h Kadis  ch 

Spii’  /‘ovoveraole  6 wl>.3  Karaffa' 
L-rpn  ''I  :'iiive:6  m -a  . Koith,, 


393a 

19A  ? 


.398  d 


Maf'Conkoy 


No  impAxod  vitality  20)ft  MaePayden  l89v' 
Nc  In.jr  i red  vital.  It^  7 1 FaePeyden  1900 


j J I i 

Pore/  0,  .7  h 

? '<’7 
» . /O 


43 . ^ 

64  ..6  % 

Rn-.o  V 'l%  h 

198'^  Ij  h . 
” (6%  -4  h, 

•'*  Ofo  li  h 

4 h 

" b5;^'  4 1. 

" Q%  4 h. 

" .yJ  )|  Vs 

(Vfo  [i  h 

4 >1 

” U /i  4 h. 

4 h 

t|  ■ V' 

I /■*  <■>  1^ ‘ 

'■*  06?^  4 h, 

’■  l|  h 

” 4 h 

” 0/>  4 H. 


Oahil 
Pan  is  set 
PAiilibert 
Pi'oom 


Shaupnensy 

H 


1920 

1925 

1926 
1949 


.1925 


TABLE 0 <f  Tllli:  .SUni'  iVAI.  OF  K'iCI'WUGIilA  COLl  IN  CULTUUE 


Fac tor ( a ) 


LIOmD,  (Cent,) 
NsOl  Soln 


CaCl'^  soln 


Nad  and  Cn01«'p 


NttCl  soln 
Broth,  13  t.,-. 


Sait  soln  ” 

^Cl%  a aero  so  fmap  > 19^.’  0 

" 'Jon.Lnr;l61  <•  i ** 

" ery.", l.-il  1 i 7 od  '* 

Pf»ptor:‘7  'Sfufl'er  I'd.v;  l.<  9' 
l>n  7 0,  ausi..  h end- 
Broth,  hefoi'c  C(!nirit'ur 
**  after  ” 

^ 1 h after  ” 

BrotVi  cult  > n'lxod  wit>i  sen 
sand,  c ^ rti  90;:,’: 

Above  with  RH  v 9^' 

Above,  toTtip  70C  , RH  60<^< 
Above,  temp.  B99  , RH  9h;.' 


oU.t  V 1 '/  ft  .i 


''uffor i II--  (‘('pHel.r.ic) p 
l'|•d'lll-•  c.d  v.M  1,h  1:1 1 1 
St  rori)i,tha  ifun'l 
’ <1 1 f f i.‘. )'■  1 11  '-  0. n f . If r.  , (■) a 1 1 a 
tshed  1m  ,i  1.1 
\i*  i idi  were  non  toxic 
r'.-*'  I'nvornhli'  pK.. 

Sh>v  ud  no  rinlxjrial  inc  . 
'•1  b\i  rf  nr  hi'  i.npae 
K-'ji-r  tbn^.  of  thn  scjln 
font  0aGl>,  .clone 


Reference 


ShGiip>i.n'.;sn  , i " Rt 


< *1 


• ) 

Ref 

II 


recoviif able  6 wlca 

'V  1 >0  B w’ks 


17  16 
.1  6,000  000/ml 

• reduf.  t , 2},  h 

i nno-.;.  . 6, 000 , Oi  O/hii 
69  '-  '0  r fiduf,  t , r'.'p  h 

in  iO-  ' 10,000  ,noo/ml 

■;  , 0‘7.  'enfuf 'I  2.  h 

ll-'-.db  sl.ow  -md  dlffl' 
-Mj.t  to  detect,  10 
100;^  aurvivul 


n h 


10  h 

7 V. 

B ii 


(1 

n 


Gtadler 

Tanner 

n 

■'m'eiaer 


Wo  1.3  ex', 

■Winslow 

» 


Wlnalow 

fi 

n 

It 


17.0 

191)6 


1927 


1911 


■M 


TABLE  TIfK  SUUVIVArj  OP’  ESCffEHICHXA  OOLi  IN  CULTUHE 


Factor ( a ) 


SOLID 


Eaw  inilk  on  1%  .i;’ct'.o  !e  aror 
feddo.d  to  'lltiinia  , 

In  cub.  15  d 5^'  i.;0  H, 

Af.ar  a t In  pla  > a a. , ox  ■ 

por.ad  to  iuml  1 '"•h  ' 


Salt  I'l'dla 
Nntrl.-nt  np.ru' . R,.T 
i n d n rk 

Agar  exposed  to  U . v’ 
Ar-n  - **  '*  X V 


O' O' 


mt;| 


■Mutr.lont  arao'  w'  rh  Na  3^  C 


Gael.,  0 00’Jp>^  M 


NaGl  "O..OU,.S  M 


Gelatin  SO  C . . -i  7^ 
to  pVienol!  b t>  ’ r 


r\'-  i u add 


GfiitERAL 


Celia  of  E . co]  .l  ware  ] o.  nd| 
to  Tomaivi  dovTTirot  ror  lb 
develop  i )|  d I' 

H e a L.  a ti  o k e d 3 0 rn  1 n . 3 0 


To'-  p 

tf 


,-8  r- 
V)  r;  r, 

n 

).|.0 


Cnl  ture  ned.,  ( it  -3  yv'3  1 a ) 
IOC  J’nl  1 ow  \ o;''  ;'r.v.''  hn 

45  c 

Su35'  Id  coll  , otrep.  , 

*r  acid  r.-.'at  ,iapr  n.i'n;/ Loo 
heated  ■.  arion.'.-  lenpthn  of! 
t ‘ me  Inc,  in  count a 
greatest  in  I'lnto,;  lioatodl 
lonreeto  Groatect  Irir  inj 


E coll  and  strep 
(h'ovdi  b i n cnitur'o 
De  r : ■ i c a tod 


: h 


!|3 


Survival 


<)>.  m r n t i on  t ime  1 e th  • 
enod 


Reference 


Allen 


Is  TT . (T'ftrcli,  July.  Anp])DleudoniiC 
si  h (Nov  ) 
ll3  h.  (Winter', 

93  d.  / ! Prank 

Many  viabln  c.illf*  l4  fr'L  Sears 


Accinirod  edipht  r,';ci:ii 
cidal  power 
C ‘9  mutant  c trains 
produced 
Less  t cxic  than  On  Mlxt 
cf  Ca  )d  Kc'  loss 


toxi.'.  and  n,^ct  Inc^ 
Rocov,  9li  h 

ffinnoc  100?;.  n-:.eov  1 li0‘^ 
24  h 
y 1.1  mo-? 


d 


Innoc  1 457  000 ^ Recov,, 
12U,0()(\  38  hrs  . 

Innoc  1.  674^  O' -0  ,Recov.. 

3'70  ,n00,._  37  h 
Innoc  1 510,,  000  jRecoVo 
li.''7,oon,  42  h 

Innoc,  1 3iil;,  o00,Rocov.. 

BY.5,000.  '20  h, 

Innoc , ly4l3„000yRccoVo 
26^.  000,  in  h. 

’■<5?;,'  coduc.  r.  Ion  'In  1 h 
iiu.1  to  tuMp,  change 


do  Lai, 

Death  praicoiod.s  logaryth  -Heller 
yi c «1  j y 

V;iub.l.e  fur  ionpiur  periojia 
i i \ ;j,n  vj  i / ! n das  3 1 c 


Tatum 
»"i,nal  o'w 


Winslow 

(« 


Worth 


Burke 

Ellikcr 


« 

n 

Hegart'^ 

Isaac.? 


OO'l 


1694 


‘i'vab 


i9;o 


1 C,  '■)  0 


1919 


1925 

.1938 


193  0 


1941 


In  fluid  stai,  e 


TABLE  C y THE  SURVIVAL  OP  ESCHERICHIA  COLI  IN  CULTURE 


Pactor(a) 

aSNSRAL 

Diet,  vater,  saline,  sali- 
cln,  tryptophane,  glucose, 
xylose,  sucrose 


Variation  of  resistance  In 
relation  to  age  of  cult, 

60  C, 

100  C,,  broth,  dlst.  water, 
dried  on  collodion  filn, 
62  C«,  t.»atory  medium 
5 “7  c 

Liuuid  air,  -I83  C. 

-78  C.,  thawed  20  times 
4.5  C.,  changes  suddenly  to 
10  C. 


Young  cells,  1 C. 

Mature  cells,  1 C. 

Stored  at  37  C. 

8 C,  rise  in  temp,  a' 
given  cone,  NaOH 
Double  cone,  of  NaOH 
Lime  treatment,  pH  9' 

t«  M *1  Q I 


Lime  treatment,  pH  9-9.5 
'•  " ” 9.5-10.0 

’•  " ” 10.0-10.5 

" " " 10.5-11 

" " '*  11-11.5 

Rate  of  storagt)  death  at  the 
very  rapid  & is  much  greata 
than  -30  C.  & below.  Repea 
than  simple  freezing  or  sto 
similar  Intervals  of  time, 
than  supercooling.  Repecto 
frozen  susp.  between  -30  C. 
in  lot-»er  mortality  than  sto 
this  protectlve  'effect  not 
-30  C,  nor  below  -78  C.  Irr 
brief  stage  In  freezing  pre 
cellular  Ice  formation  is  b 
due  to  Immodiato  death  does 
and  freezing  time.  Rate  of 
freezing  temps.  Is  rapid  at 
less  than  30  C,  Repeated  f 
than  single  freezing  or  stc 
intervals  of  time. 


Survival 


% reduction  In  do  sale, 
microorganisms  changes 
from  83.8^  to  8,0^  In 
1 d. 

V/lth  similar  cpds.  in 
fluid  control,  the  ^ 
reduct,  charged  from 
335^  to  6.056 
Ratio  drops  in  2 hrs. 
then  climbs  and  reaches 
maximum  of  1 at  0 hrs. 
30  min. 

Viable  1 h, 

1 h. 

24.  h. 

Did  'ot  lose  activity 
955^  reduction,  1 h. 

Not  affected  when  change 
in  tomp,  take  place 
gradually 

Inoc,  8,600,000,  Recov, 

0,  4-J?  d. 

Inoc,  650,000,000,  Ro- 
cov.  10,400,000,  >6?  d. 
12^  survive  4 yrs. 

K inc,  by  35-109?S 
Increases  K 10  times 
>54^  niln, 

>600  " 

^600  nln, 

>600  ” 

>300  ■’ 

higher  freezing  temp,  is 
r at  the  temps,  above  -30 
ted  freezing  more  lethal 
Cage  In  frozen  state  for 
Freezing  nuch  more  loths 
d fluctuations  of  temp,  c 
& -78/  C.  appoar  to  resul 
Page  tit  either  temp,  but 
noted  at  temp,  ranges'  abo 
mediate  death  occurs  at  a 
cess  during  ”hich  oxtra- 
elng  completed.  Mortallt 
not  Vrry  with  Intensity 
storage'  death  at  higher 
torps.  above  30  C,  tlian 
roezing  is  more  lethal 
rage  Ip  frozen  st  te  for 


Reference 


Heller 

1941 

Regnier 

Ruaka 

1938 

1941 

Ruska 

•t 

II 

(I 

II 

Sanderson 

■ 

1925 

9 

She  rman 

1934 

II 

1942 

n 

Stamp 

1947 

Wc tklns 

If 

1932 

Wattle 

1943 

TABia  C ^ THE  SURVIVAL  OP  ESCHERICHIA  COLI  IN  CULTURE 


oinjnce 


DRIED,  OENERAL 

AlcallfCBnea ' app 
Dried 

Aei^obacter , ' 

Dried 
HeinopbiluB 

Dried  (fipp  . ) 

(portni;],' isB ) 

Klebolella 

Drying" 

Dried 

Laetcbdolll  ;_i 

"*  Dried  T^PPc  ) 


U ■'?  yrs., 
yra.. 


yrs 

M 


months 
i(-  ^ yra 

3'  4 yra„ 


'*  30  37'  G (huJ‘;,BPl(ins)  IJocane  .lr\actlve  In 

abort  time 

tl2.  teua  app 

Dried  4-5  yra., 

Paeudomonaa 

Dried(spp)  4 3*  yra„ 

Dried  in  vacnn ( P.v'or vamni s ) 3^111  sllvo  li  mo.?., 

Dft'iBD  TTOhILIZED"' ■■  ■ T 

Bjotp  baclllu.a  bulge'' Iru? 
i*0  cc„  milk  * Freese;  'dry 
In  vacuo,  ,3  4 bra  90- 110/^ 

Pseudomonas  aerugj  nod  <i 

F.ro  j ■'34  tViawad  ■* 
repeatedly  at  23  O',  35', mortality  Is)^. 

frooziriR, 

LIQlJID 

Aerobacter  aero, gone  s 

Peptone  and  wat-r  aiiup 

spray  dried  RecoVo 

Freese  dried,  peptuno  ■'’<  Rf,cov  10^ 
wfl^tpr  .'juap, 

Flavobactorium  upp„ 

5 to  l5  F,  Rogov,  0,  77  d„  ' : 

Hemopliilus  Influen s a 

Dlood  broth,  2?,  h„ 

'•  " '20  C 11  h,. 

Klebsiella 

vSerum,  37  C„  (Priodl  ander  $ ) 43  d„ 

Laotobacllius 

Br  o tb  omul  a i o n with  un- 
stop.. milk,  liquid  air, 

( 8cJ  dophlluo  ) 7 d., 

Liquid  H.^,,  -252  C..  10  h. 

NaCl  susp,,,  -10  to  ■ OO  C , 

(acidophilus)  TJnd imini.shed  con.vit 

NaCl  ( ecidophilns)  D(*c.ro.‘-ioBd  Tittle  in 
Mlik  lactose,  4^  43  C- 
(bu]  ga,ricus ) ' Innoc..  1 X 10‘^/ml. 


Rroom 


1949 


Loe'.'.'f  n'n,-.r-g  1 o,;. 

Proora  194-9 


Pro  om 


Pr  oom 


( Ononato 

II 


7 d„ 

10  h. 

TJnd  imini.shed  con.vit 
D(*r.ro.‘-ioBd  Tittle  in  3 


Innoc..  1 X lO'^/ml. 
Rocovo  too  X 10‘'/qm.. 


1949 


Roger.?  1914 


1949 


Snattock  1911 .5'' . 


Rogers  1914 


Still e 194 


[Bullock  1947 

If 


I Campbell  1932 


1902 


Pnnlsset  1925 


MacP’ayden  1900 

ti 


Eejlbo  l'';4l 

d Zeiig  1920 


TABLE  0 ^/6  the  SURVIVAL  OP  MIOROOROANISMS  IN  CULTURE 


Factor (s) 


Survival 


Reference 


LIQUID 

Lactobacillus  oaael 
Nutrient "Wroth 


Proteus  vulgaris 
NaCl  soln. 

Liquid  air,  -l85  C. 
Broth  emulsion  with  un- 
ater.  milk,  liquid  air, 
Liquid  H2.  -252  C. 

Paeudomonas  pyoeyaneus 
24  h.  peptone  water  cult 
vacuum  dried 
2k.  h.  peptone  water  cult 
air  dried 


• » 
• » 


jRapid  freezing  caused 
less  injury  than  slow 
freezing 

3 wks. 

No  Impaired  vitality  20h« 

No  Impnlred  vlt.,  7 d. 

10  h. 


7 mos.  fc  7 d. 
|li.-6  d. 


Lund 

- 

Karaff e 
MaePayden 

1912 

1899 

n 

tt 

1900 

Shsttock 

1912 

It 

Haines 

1934 

Hastings 

ti 

- 

ti 

Omellansky 

1926 

Worth 

1919 

Lai 

1921 

Ran  some 

1901 

Keith 

1913 

tt 

Fazzonl 

Haines 

.lA 

SOLID 

Ac^omobacter,  spp. 

Nutrient  agar,  0 C. 

Aerobaoter  spp« 

24  h.  agar  cult.  In  dlst. 
water  on  filter  paper 
in  dry  Incubator,  37  C. 
Above  with  milk  cult. 

Dry  com  starch,  R.T. 

Azotobaoter  chroococotim 
Dextrine  agar,  dried 

Hemophilus  pertussis 
Agar,  20  C. 

Lactoba c l llus  bul;i:arlcu8 

Nalleomyoea  mallei 

Glycerine  agar  tubes,  37  C, 
ozonized  air  asplr.  thru 
tubes . 

Proteus 

Agar,  1056  sterile  cane 
s\igar  soln.,  -10  0. 

Pseudomonas 

Agar,  covered  with  lOT 
sterile  cane  sugar, -10  C. 
(fluorescens) 

Agar,  full  radiation  of 
Hg.  arc.  (pyof^enes) 
Nutrient  agar.  PC.  (a-p.) 


Rapid  growth,  5 

Alive  31  d. 

Alive  96  d. 

3^-  yrs. 

10  yrs. 

8 mos. 

>657  d. 

No  change  at  end  of  10  d^ 

8 mos. 

6 mos. 

1 h.  at  5 om. 

15  min.  at  8 cm. 

[Rapid  r’rowth.  5 d. 


GENERAL 

Aorohacter  aorogmes 
Excess  lime,.  pl4  9.5“10 

" " in-10.5 

« « " 10.5-11 

tt  « « 11-11,5 

Erwin ia  amylonora 

Exudate,  16  C.,  RH  0-45/^ 


>6  min. 
>600  min. 
>51l.O  min. 
>600  min. 

I22  d. 


Wattle 

«i 

n 

II 


Rosen 


1943 


1938 


TABLE  C fO  THE  SURVIVAL  OP  MICROORGANISMS  IN  CULTURE 


Factor(8) 


GENERAL 

Brwlnla 

Combinations  of  moderate  \ 
humidities  proved  conduct 
Equally  high  temp,  with  ! 
life  when  organisms  in  e: 
Hemophilus  Influensia 
Blood  agar  slope,  37  C. 
Physiol,  NaCl  soln,,  R. T, 
sealed  tubes.  Absolute 
drying  ovor  sulfuric  acl< 
in  vacuo 
Klebsiella 

Stock  lab.  cult.«  R.T., 
sealed  tubes. 

Malleomvoes  mallei 
Vacuum,  1-4  C. 

Proteus  BPP. 

Stock  lao.  cult,,  R,T, 
sealed. 

14-30  c, 

(P.  morgagnil) 

None  given 
Pseudomonas 

(Aeruginosa)  Freezing  50  h 
cult,  age  ^4  h. 
(Pyocyanoous)  Excluded 
from  light 

Excess  lime,  pH  9.5-10 
" " " 10-10.5 

" « " 10.5-11 

" " " 11-11,5 


Survival 

Reference 

amp.  & moderate  or  high 
ve  to  short  life, 

O’*  R. H.  mode  for  long 
udate. 

Rosen 

1938 

>132  d. 

Lai 

1921 

Viable  for  mos. 

Uttsn 

1930 

12-13  yrs. 

Ahuja 

1935 

25  mos. 

Velu 

1942 

19  yrs. 
103  d. 
1,562  d. 

ff 

Ahuja 

Hilliard 

Lai 

n 

1935 

1918 

1925 

17  d. 

Hoinmer 

1911 

3 mos. 
>470  min. 
>300  min. 
>240  min, 
! >120  min. 

Shettock 

Wattle 

tt 

n 

ft 

1911 

1943 

Il 


TABLE  C //  THE  SURVIVAL  01-^  MICROOROANISMS  IN  CULTURE  (GENERAL) 


Factor (a) 

— ■ - * 

Survival 

Reference 

LIQUID  ' 

Broth , or  dlst.  water, 

A 

Shorter  than  in  sea 
water- 

Hess 

1934 

-185  G\ 

No  impairment  of  vital* 

-X 

ity,  20  h„ 

MaePayden 

1899 

Horse  serum,  vacuum  over 
phoaphorua  ;pentoJK.ide\ 

83^  viable  lij.  yrs- 

Rhodes 

. ^OtlD 

Nutrient  22  Co, pH' 7-2 

103  colonies 

Brown 

1930 

Nutrient  agar  slants,  37  C, 
or  30  Co  with  572-25,320 
R,  X-ray..  > 

1 

1 

Order  of  decreasing  re- 

si  stance;  Staph-  aureu 

5, 

E«  coli,  An  aorogenes, 
So  mnroescens,  P.'- 
aoru  inosa,  P-  fluores 

cen.So 

Pram 

1950 

Greatest  in  resistance  obse 
sorbed  cations- 

rved  wltli  readily  ab- 

Harris 

.1949 

Petroff  medium,  bottles 
evacuatedo  left  In  ice  box 

11  moso  (acid  fast) 

aSTEffiOC 

Spring  temp 

<.  I|0  do 

Duclaux 

1885 

Summer  temp- 

<20  do 

ti 

1936 

Dried  organisms  more  resitt 

ant  to  high  tanpe. 

FlOsdorf 

Slow  freezing  allows  cone.. 
activstiono 

of  salts  ^ protein  de- 

Greaves 

1944 

Destruction  of  microbial  fo 
at  -20  Co  compares  favorab 

rmo  at  -10  C.  faster  than 
ly  with  other  reports,. 

Haines 

1934 

■ Resistance  to  UoVo  light  lo 
microorgai  lams  than  in  tho 
but  not  excreting  It  into 
' protective  effect-  Microo 

wor  in  non-pigment ed 
se  prodiiclng  pigment 
aediuin..  Carotenoids  have 
rganlsms  oxcretlng  plgmon 

t 

to  medium  are  as  sensitive 

to  TI,, V..  as  colorless  org 

> Imshenetti 

dcii 

Low  temp  alone  does  not  d a 
to  favor  longevity- 

fcrniy  >->»f’tf»r.la  but  appears 

>■1. 

Keith 

1946 

1913 

Storage  temperature  approac 
greater  decrease  in  bacter 
observed  at  lower  temp- 

ling  no  results  in  a 
lal  numbers  thsr;  that 

Kiser 

19.'42 

120  Co  s.team  is  effi?ctlve  1 
soil  bacteria 

a .sterilizing  spores  of 

Konrlch 

19'35 

28  Co , sea  water 

I4.  d.. 

1 Lipman 

1926 

Hrga''  isms  survive  equally  w 

bll  .at  temp-  colder  ths^n 

I 

solid  COij^.  Survive  temp,, 

ranging  from  that  of 

' 

liqi  id  oxygen  ( -I83C)  to  t! 

sat  of  liquid  He  ( 296  C,. 

) ‘ 

In  raj)id  freesing  the  wate 
changed  to  Ice  crystals  bu 
ous  mass  % this  ro.^ult3  in 
Ing  at  slower  rates- 

r*  In  the  cell  Is  not 
t to  a'  glaaa-  llke  amorph- 
Ictf.'i  iujiu*y  than  frooz- 

Luyet 

1938 

Most  organism, s live  long.er 

under  sterile  paraffin  ol 

L.  Morton 

1 

1938 

IV- 


li 


. JliCOi'OA-lxPH"  li’  CULToRS  (nENERAL) 


Paetor(a) 


Survival 


Rafarence 


GENERAL 

23  cultures  enteric  bacteria 
preaez*ved  on  nutrient  agar, 
unchanged  11-37  yra. 

Death  during  storage  la  a fur 
Moisture  presence  most  Irapm 
Ing  to  loss  of  viability.  ! 
ous.  Dry  nitrogen  atmosphei 
beat  vhen  protective  collol: 
used.  Survival  lo’.'eat  In  si 
more  resistant  to  drying. 

Viable  In  frozen  fruits  aftei 
slants  held  at  16  P.  for  1 ; 

7-10  C,  below  optimal  temp. 

High  temp,  resulted  in  spore 
tanoe  In  peptone  water  with 
phosphate 

Sodium  favors  viability  but  1 
Calcium  opposite  effect  of 
Pb  & Hg,  though  toxic,  stlm 
dilution. 

Marine  bacteria  very  sensltli 
Cult.,  -15  C. 


from  suspected' food 
Original  character 

iction  of  storage  temp, 
•tant  factor  contrlbut- 
'resence  of  0^  deleterl- 
•e  superior.  Survived 
Is  such  as  serum  broth 
illne.  Young  cultures 

* 3 yi*8,  at  15  P.  Agar 
rr. 

Maximum  tolo ranee  observ 

ad. 

I of  Increasing  resls- 
added  salts  of  magnoslum 

;oxlc  In  high  cone, 
lodlura  in  lot-r  cone, 
ilete  viability  In  high 

'e  to  heat 
l60  wks. 


Pergola  1950 


Proom 


Smart 


1949 

1935 

1949 


Van  Eseltlne 


Willlema  1929 


Winslow  1928 
Zoball  1939 
Tanner  1928 


TABLE  Oil-  THE  SURVIVAL  OP  MYCOBACTERIUM  SPECIES  IN  CULTURE 


Paotop(8) 

Survival 

Reference 

DRIED,  GENERAL 
M.  tuberoulosis 

frozen  culture,  deaeloated 
refrigerator 

i 

1 1 

3 yrs. 

Cohn 

1939 

Natural  cultures 

6 moa.-lyr. 

tt 

Incubator,  deaeloated 

It 

Diy  Ing 

Shortens  viability 

Corper 

1923 

17  years  desslcatlon  in 
vacuo  on  Lovenstelns  or 
Duboa  medium 

9 strains,  none  grew 

Frobisher 

1949 

Petroffa  medium,  in  evac. 
bottle  In  Ice  box  11  moe. 

10  strains,  11  mos. 

Harris 

1933 

Desalrated  In  vacuo 

17  yrs. 

Frobisher 

1949 

Dried 

)i-5  yrs. 

Proom 

19k9 

LlQtJlt) 

M.  tuberculosis 

Nad  aoin.,  inject 

Into  guinea  pig 

21^-31  d. 

Bartel 

1908 

NaCl  aoln.,  0.9%  2 h.  aftei 
S.p.  Inoc. 

k3  d. 

N 

” 9 h»  after  inoc. 

29  d. 

It 

« 2k  h.  " " 

100  d. 

It 

" P h.  " " 

88  d. 

II 

Old  culture 

k3  d. 

It 

Diet,  water  and  glycerine 
Inject  Into  O.P. 

13  d. 

It 

” after  2 d. 

II 

" " 33  d. 

155  d. 

II 

Potato  with  glycerlnated 
bouillon  eusp.  in. 
Lowenatelns  med.  1C. 

567  d. 

Boquet 

1943 

Petroffe  gentian  violet 

Viable  li.-8  mos. 

Corper 

1923 

and  egg. 

Buffered  Isotonic  coin.  pH 
Tamp.  60  C. 

7 

few  min. 

n 

" 50  C. 

5 h. 

II 

" 0. 

6 d. 

N 

1938 

Broth,  whole  egg,  50  0. 

5 h. 

It 

" " 55  0. 

1 h. 

It 

*•  " 60  C. 

15  min. 

It 

Petroffe  gentian  violet 

4-8  mos. 

n 

1923 

or  5%  glycerol  agar  In 
icebox  or  Incubator 
Physiol,  ad.  Ine,  5~10  C. 

Alive  and  virulent  >1  yr. 

Feldman 

1932 

Saline  susp.  -76  C. 
frozen,  dried 

>6  mos. 

Glover 

1946 

Dorseta 

6 yrs. 

Gloyne 

1920 

Purified  casein  and 
glycorol,  37  0. 

2 yrs. 

Hastings 

1923 

.85%  NaCI,  -252  0. 

50  h. 

Kadis oh 

1931 

TABLE  c TM:.  ::'RVIVAL  OV  MYGOBACTEniUM  SPECIES  IW  CULTURE 


Eat'.tor  ( 13 ) 

v-^-  - 

Survival 

Reference 

LIQUID,  CONTv 

.j  Mb  tuberciilosia  « 

Bouillon, . RoTp , Potrl 

5 d. 

Kirs te in 

1902 

dish 

Llqlld  air  In  steel  tube 

, No  gi*'-vth  after  6 yr.s 

Kyea 

19.39 

“30  Co  Stored  in  dark 
ioa  boXo  (Avian) 

-192  Co,  liquid  air  (Avia 

i)  Did  not  destroy  all 

n 

vlablf  bacilli  but  de- 
creased rate  of  surviv- 
ing bacilli  multiplicat . 
in  culture  produced 

TB  in  animals 

Scored  dally  for  21  hrs. 

All  animals  sliowed  t in 

It 

in  COx.  bath 
Culture  stored  6 yrso 

spleen  following  In- 
fection 

Itij,  into  rabbits  (l4.ee) 

tt 

-3  Co  In  PC.  eolno 

AT  i uiod  3 4 wks.. 

!•  : chow  any  eff- 

tl 

>■  r 

. cr  • wk  . old  chidks, 

Loi.t  p.nU'iogen-  -nftor  11 
H-T„ 

Still  showed  ^'omo  viabls 

!,• 

200  X d termite  freezing 

It 

In  llqi  id  Ni,(-195  Co)  j 
• and  thawing  in  wat  ;r 
at  34"3^  Co 
E<  g medium 

organism: 

Growth 

Larson 

1922 

castor  oil,  r.oap  soln 

. No  grewtb 

n 

OoBj^  NaCl  soln,. 

3 d. 

Morlya 

150'^ 

Beef  decoction 

9 mos. 

tt 

glycerol  bouillon 

U inos . 

n 

ofl«  NaCl  37  C, 

98  d„ 

II 

" Ice  box 

152  .)■■ 

M 

Boef  broth  Infuaion,  ice 
box 

1^6  d„ 

1 n 

Olycorln  bouillon,  ice 
box 

13'6  d,. 

<1 

" ; ■ •r'lne  agar,  37  Co , 
•-'■led  and  lncub.(Avlii 

I'l)  Vi. ••hie  20  do 

1 

Potter 

1939 

Glycerine  agar,  3'  C, 
eulti.ire,  2-4  wkj eool 
ed  in  glass  (human) 
Glycerine  agar  culto  3B 
•Tie, as  sealed,  incub. 

Non- viable  d. 

Infectious  j)Ower  retair 

'‘t 

0 

ftf 

I'otter 

19142 

(bovine ) 

Hohn,  Lowenstein,  Potrag 

Loss  of  Infect..,  2 mva. 

n 

nan A deprived  of  0^, 
stored  in  dark»  2~5  wk: 
(human) 
oS^>fo  NnCl 

3 , 

Non  viable  1 mu. 

800  d,  docs  not  infect 

Pugnan.i 

1929 

Glycerine  agar  1;ul<es  wit 
ozonized  air,  37  C„ 

1 guinea  pig 

No  change  in  10  D„ 

Ransome 

1901 

TABLE  ^ 0 THE  SURVIVAL  OE  MYOOUACTEiaUM  r.I'ECIES  IN  CULTURE 


Pactop(s) 

Survival 

Roforonco 

LIQUID,  CO NT, 

W£_ 

tuberculosis 
Physiol,  aalina  aoln. 

310-330  d. 

Shops 

1926 

.85^,  nuax’  freeain^^ 

Lymph  node  emulsion  in 

salt  so  In, 

87  d. 

Webb 

1921 

Ege 

30 ”50  min,, 

Woinzirl 

1907 

SOLID 

Mi, 

tuberculoala 
Glycerol  agar,  3?  5 C„ 

4 •*8  mos.  (max  I6  mos) 

Cooper 

1923 

Glycerol  •* 

Dr.nd  in  6 yrs 

(M,.  p})l':i  dea<l  in  ij  J?lry 

Gloyne 

1920 

Petroffa  medium  in  bottl 

a (Human)  11  mos. 

Harris 

1933 

evac,,  left  in  Ice  boxi 

(Bovine)  11  moa. 

ft 

11  moa „ 

(Avian)  11  n'osl 

« 

Agar , pH  6,6 

Grow  well 

HeatJnp  doKren':e.s  //  of 

Isaacs 

1930 

1 

j 

survivors  able  to  ('.row 
durlupi  l.n;';  j'h.ase,  l)n- 
loas  (u'oun  at  pH  7,6  ^ 

more  survivors  grew  buj 
the  1 /g  period  was  ) ot 
decroa.ur-d 

Artificial  media 
Solid  media  In  pyr-ox  tu!> 

; 10  yrs 

Karwacki 

I92O 

sealed  in  vacuo  | 

F’yrex  tube,  H„T,,  sealed 

(Avia'')  V it. hie  8 ros. 

Pottor 

1935 

in  vacixo 

(;Jt«  rl) ) vir.bln  BO  d, 

♦1 

Dark,  37  c 

! 

5 r'O.s. 

tf 

OENJiRAL  i 

M, 

tuberculos 1 s 

40-50  P. 

7-19  moa.  Bovine  more 

! Cooper 

1923 

r 0 ,s  1 0 1 a n t t h a n lium  a n 

1 

37  C,  Incub..  in  piycei’ol 

IP  yrsi  47/^  liuman  viab. 

bro  th 

” bo  vino  vicib 

11 

-9ol4  to  -19.9  C, 

Vl'il/i'-  lat  74  b. 

Homma 

1927 

•1,0  to  •8,0  C . 

Vieble  2nd  24.  h. 

ft 

..7,0  to  -14,3  C, 

Vinlile  3r(i  h. 

If 

■17.3  to  0., 

Viable  )(th  Pit  h. 

fi 

-10c  6 to  ■■23»9  0 

” 5 th  '• 

It 

-13,4  to  ■76  C„ 

" l.st  2i|  h,. 

ft 

• 11,5  to  -di^o  0- 

" Red  74  h,  1 

(1 

■ 8.7  to  ‘17  4 G„ 

” 3rd  74  h.. 

If 

Below  0 C, 

623.5  h,. 

M 

y. 

Above  0 

216.5  h 

tf 

Mixed  with  qjinino 

Requires  25  min  oxt.  , 

May  er 

1924 

Deprived  of  O^und  14  0 

to  U.V, 

fnv  2.'4  hl/S  . ^ 

iiur-.ive  as  viable  jk.  th- 

o(’;ens 

Potter 

1935 

Dark,  no  0,^  R,T,  , Do 3 sic 

(Str.  F4)  2 yr.s 

Totter 

193? 

Dark,  370,,  U-,  Do  a sic. 

(Str,  P7)  1 yr 

It 

TABLE  THE  SBRYIVAL.  OP  MyCO BACTERIUM  SPKC1E5  IN  CULTURE 


Factor ( 6) 


. I.. 


Survival 


Raferenoe 


GENERAL,  CONT. 
r M,  tubereuloBla 

beprlval  of  dj^kllla  tube: 
de a si cat Ion  favors  aur 
• At  body  temp,  survive 
only  trace  of  O^^and 
survive  2 yra. 

■pH  2.55 
” 1.95 
"0.97 

'1  Nucleic  acids  have  no  sp 
us.  Tb  bacillus  deatr 
has  no  effect. 

100  C.. 

Ice  box,  near  freezing 
Cult.,  protected  from 
light 

Darkness  and  moisture  co 
of  life,  while  dryness 
hastened  destruction. 

2 C. 

gr0(5',’  tiR’IED,  LyophILi^O 


cle  bacilli.  RaPld 
jjlval.  Avian  bacilli 
for  more  than  1 jr..  with 
while  at  R.T.  thdy 

168  h. 

48  h. 

24  h. 

jclflc  action  on  tb  baclll 
jyed  by  pH  ^2.  Acetic  acia 

330  d. 

3 wka. 

](iduclve  to  prolongation 
md  thermostat  temp. 

12  mcs  . : 


Potter 


Prudhomrae 

If 


1^37 


1935 


5%  gelatin,  h 
" " 26  C.  ■ 

Sterile  serum,  4 

" " 6 C. 

Lowenstelna  med., 
before  freeze  drying. 


38  C. 


Keeps  virblllty  In  50/^  glue 
amylase  or  serum  In  cyllnd|} 
R.T. 


Stacked  In  Ice  box,  5 
Sf-ored  at  R.T.  ^ 


12  mcs. 

12  mos. 

12  mos. 

12  mos.. 

No  difference  in  number 
of  colonies  between, 
before  »e  after. 

^se  better  then  lactose, 
r with  paraffin  oil,  -50(J 
Dimlshed  # living  organ 
isms,  20;^  at  ond  of 
1st  mo. 

No  mortality  d\jrlng  1st 
3 mos.,  10^  after  6 mo4 
2 mos . 


Ruska 

Swope 


1941 

1926 


Simmons  1923 
Twitchell  1906 


Ungar 

K 

It 

n 


1949 


Van  Dolnse  1950 


n 

If 


BCG,  liquid 

Lowenstelns  ogg  medium, 
IjlO  dll.,  2-4  C. 


2 yrs. 


Blrkho-u>,  1951 


» 


_ THE  SURVIVAL  OP  NEISSERIA  SPECIES  IN  CULTURE 


Pactor(s) 


DRIED,  GENERAL 

Neisseria  lntracellulpg'»la 
D'rfed  on  garnets  end 
glass  In  dark 
Diffuse  dayli'Tht 
Dark 
Dried 

N.  gonorrhea 


Drle 
N.  snecies 


Drle 

Dryln 


0PHILI2ED 
N.t  intracellularla 


ed  In  frozon  state 
Frozen  and  dried  16  hr. 
cult,  on  10%  rabbit 
blood  pneumocoacus  agai 
plate  in  vacuo 
Above  with  two  wk.  old 
stock  strains 
Above  with  four  fresh 
strains 
2cc  broth 
Kohorrhea 

Dried  'in  frozen  state 


Survival 


2k  h. 

10  h. 

25  h. 
yrs. 

k-$  yrs. 

4-5  yrs. 

Little  resistance 


18  yrs 

151  d. 

> 39  d. 


>151,  ‘ 

>2  mot. . 

18  yrs. 


>89,  >41  d 


LIQUID 

N«  Intracellularla 
___  Bouillon,  diffuse  light, 

dried,  ascitic  agar,  37G.  24  h.  (Raul  str. ) 
Bouillon,  20-25  C. , O0%  RH  3 h. 

Bouillon  susp.  of  24  h. 
with  ascitic'  agar,  50  C . 3 min. 

" " 55  C.  1 min. 

" " 60,70,60  C.  30  sec. 

” " 100  C.  30  sec. 

Bouillon  culture,  G-70  C.  1 mo.  or  longer 
Ringers,  20  C,  8-10  d. 

Sollne,  5o  C.  poor 

" 20  C.  fair 

” 37  C.  good 

Phy si ol. ' saline,  fi.T., 
abs.  drying  In  vacuo  Viable  for  months. 
Pure,  undll.  neutral 

glycerine,  -15  C,  No  chmge  in  vlabi 


Referetice 


Saline  broth,  dried  at 
R.T.  or  from  frozen  atfite 
Broth,  H.T. 

Saline,  -78  C, 

Sterile  serum  sed.  ed 
vd,  th  paraffin  layer 


No  chmge  in  viability 
2 yrs. 


Plugge 

1905 

« 

Proom 

1949 

w 

fl 

Rhodes 

12^ 

Elser 

1935 

Rake 

1935 

n 

n 

Swift 

19a 

Elser 

1935 

Belter.v. 

. n 

ourtl904 

11 

11 

II 

II 

•V 

II  , 

Plexner 

« 

II 

1 ?«>7 

t i 

Otten 

1930 

Pabst 

1935 

.69^ 

36. 2J^ 

16  mos. 


Proom 

n 


19119 


Ungerman  1918 


TABLE  C.  / 3 >rnE  SURVIVAL  OP  SPECIES  IN -CULTURE 


i ^ — — — 

'■  ■ * Factor  (a) 

Survival 

Reference 

LIQUI? ' 

N*  latraaellulariB 

' generat  io 

r 3-lf  yra. 

Vrn  Albrecht 
1901 

> 

VS^TXa 

N.  eonorrheae  'i 

Plg6on„ blood,  tH  6.6 

*•  " « 6.8 

No  growth,  12  'd 

Lai 

1925 

108  d. 

II 

0 It  n 7 Q 

108  d. 

n 

" " " 7.2 

123  d. 

n 

" " *7.4 

159  d. 

n 

0 0 0 7.6 

189  d. 

It 

0 n II  7.3 

189  d. 

0 

0 It  "8,0 

76  d.- 

0 

Lactic  acid  plates  in 
ice  box  I4.-7  0.,  Pre- 
Incub.  In  moist  chamber 

, Viable  9-15  d. 

Lorentz 

192k 

Ph;^siol.  sd  ine,  R.T., 
abs.  drying  in  vacuo 

Viable  for  mos. 

Otten 

1930 

Gentian  violet.  20-26  C, 

2k  h. 

Peizdr 

^1.949 

Physiol,  NaCl,  R.T. , on 
ascitic  agar,  21^.  h.  cul 

Recov.  79.2^,  6 h.  ’ 

Pieper 

1930 

Ringers  aoln.,  R,T,  on 
ascitic  agar,  2I4.  h.  cul 

18  C 

1 

. i 

> * 

, Recov,  71* in  6 h. 

0 

" " " 22  a 

Recov,  3O..7  ^ in  2k  M. 

0 

P^siol.  NaCl,  i|-8  h.  cul 
‘ ascitic  Levinthal  me 

18  0 

i. 

Recov,  57. 95^  in  6 h. 

0 

" " " 22  C 

Recov.  21^  in  2I4.  h. 

0 

Ringers  soln,  14,8  h,  cult 
on  ascitic  Levinthal  me 

18  c 

f 

i. 

Recov  70.^,  6 h. 

0 

• " " 22c. 

Recov.  16^  2k  h. 

0 

Saline  broth,  dried  at 
R.T., 

1.55^ 

Prpom 

1949 

Saline  broth  dried  from 
frozen  state 

Broth,  R.T.,  sa"' ine,  -78 

3.  0.93J^ 

i " 

Sterile  serum  sealed  wit 
paraffin  Ipyer 

7-8  wks. 

n 

1 

SOLID 

N.  intracellularls 
Serum  agar,  3?  C,, 

6 wks 

Dharmendra  19li0 

Pigeon  blood  agar,  37  C. 

10  wks. 

0 

Serum  agar  3 •5-8. 5 G. 

27  wks. 

If 

Pigeon  blood  agar,  3*5- 
8.5:  ^ 

31  wks. 

0 

i'  ‘ 

Yeast  agar,  37  C, 

>5  mos. 

Eberson 

1920 

Agar  surface,  2 C. 

Poor 

Plexner 

. 1907 

" " 32-37  c. 

Good 

0 

TABLE  t /3  THSJ  SURVIVAL  OP  NEISSERIA  SPECIES  IN  CULTURE 


Pttctoi*(  a y 

Survival 

* ' 

Reference 

SOLID,  CONT.  ' 

intracellule  rlfl 
, . Olucose  afi;ar  siant,  -15C 

..  No  loss  of  ,vlab.,  8 wo4. 

Pabat 

1935 

GelatWr  37  C..  , 1%  acid' 
added,  to  phenolphthaLeJ 

n >7  mbs. 

Worth 

1919 

' N.  ^^onorrheae 
~0erailtr37  Co,  1%  acid 
added  to  phenolphthale^ 

n ^8  rnoa» 

ft 

N.  totracellularis 

Varlofc  nutritive  aubatt 
pel^d 

nee a alter  the  survival 

Poa 

1887 

37  Co 

> 86  do 

Lai 

1921 

Survival  shortened  at  31 
, Ice  box,  6-10  Co 

C.  an.d  prolonged  In 

Miller 

1955 

- 

5 do 

Murray 

1929 

-5  c. 

Pabst 

1935 

Icebox,  0-5  C. 

58  ho 

Von  -Albrecht 

J h. 

It 

1901 

" So  Co 

Pew  win» 
Iirmtedlate  ' 

II 

« 100  0. 

II 

Stoppered  with  gutta  pei 
cha,  19-21  C. 

5-5  do 

II 

Drl  d and  atopperod  wltJ 
gutta  percha,  incub,  t< 

mp.  l85  do 

ft 

N.  gohorrheae 

99.7^  10  hrs. 

Carpenter 

1933 

51  c- 

99^  5-5  hrs. 

« 

51  '^o 

1005^  11-23  hrs. 

II 

51.5  c. 

7-20  hrs. 

It 

52  C. 

5-15  hrs. 

II 

50  C. 

Few  min. 

ft 

Grflntlnn  violet,  ice  box, 

Stored  8 wks. 

Pelzier 

1959 

-20  C 

10  d. 

Luniere 

1915 

-195  Co 

25  h 

II 

TABLE  0 f iL  THE  SURVIVAL  OP  PASTEURELLA  SPECIES  IN  CULTURE 


f 


Pactor(s) 

Survival 

\ ■■■■  !■  

Reference 

r 

PRIED,  GENERAL 

Pasteurella . pestls 

— ~ 

Most  dead  in  3 d. 

Oladin 

1898 

Bubo  juice,  R.T.,  ex- 
posed to  sun,  dried. 

3-4  h. 

Kltasato 

1894 

Bubo  juice,  R.T. , dried 
on  coverslip 

< 4 d. 

« 

Dried 

Viable  2 b 

Tinker 

1930 

P.  tularensis 

Susp,  in  mixt.  of  beef 
infusion,  cys-tine  & 
rabbit  blood,  dried, 
sealed 

4 yrs. 

Miller 

1946 

P.  species 
Dt«l  ed 

4-5  yrs. 

Proom 

1949 

tl^tJID  ^ 

P.  inultoclda 

Broth  culture,  R.T., 

in  sealed  ampule 

(Avlclda)  2 yrs 

Nobrega 

1950 

Broth  culture,  2-4  C, 
in  sealed  amp. 

" 1 yr. 

It 

Broth  culture,  37  C. 

" 1 yr. 

It 

1925 

Serum,  37  C. 

" 4.5  h. 

Fanlsset 

P.  pestls 

Pus  on  cover  slip,  28- 
30  C.,  Innoc.  to  boulll 

>n  4 d. 

Abel 

1897 

Pus  and  cult,  on  cover 
glass,  R.T. 

Still  viable  6-9  d. 

n 

Pure  undll.  glycerine, 
-150  C. 

Fully  virulent  2 yrs 
14  mos.  Slightly,  2 yr 
5e  7 mos.  Dead  3 yrs. 

» 

Francis 

1932 

Physiol,  serum 

5 hrs. 

Jacotot 

1926 

Bouillon  cult.,  -31  C. 

5t  mos. 

Kasansky 

1899 

■ " " -24  c. 

" *•  -1.8  0. 

Bouillon  cult,,  1 yr  % 
9 mos.  old 

Still  viable  for  9,  32, 
& 35  d,  respectively 
for  1st  h 2nd  subcult. 
33d  for  3rd  subcult. 
6th  to  l^th  subculture, 
12  mosi 

Recov,  58»6^»  yrs. 

If 

Lenskaja 

.1931 

Bouillon,  4^  24  hr, 

cult. 

7 d. 

It 

Sealed  culture  tube  of 
Hairanorek  medium,  100  C. 
dark. 

Living  >4  yrs. 

Schultz 

1901 

Bouillon  loops,  50  C, 
Twlka  aoln 

Innoc.  with  original 
culture  Wlilch  is  2 yrs 
and  10  mos.  old.  1 to 
several  days. 

2 h 

n 

Tinker 

1930 

•A 

4 


I 


4 


II 


II 


M 


T/^BLE C*  f i(  TKE  survival  Ob’  PASTiSUR  .LI  A SPliOIES  IN  CULTURE 


Pactor(s) 

Survival 

Reference 

SOLID 

- 

f • . • > t 1 

'.t-ino,  15  Co 

3-lf  d. 

Abk  1897 

^ 8-10  C. 

'6  d.. 

a 

Agar  and  f^latlne  Cult. 

a 

Plain  agar‘l0'Cl.»  sealed 

for  9 yra.  ■ • 

Viable  at  end  of  9 yrs. 

1 

with  full  virulence 

Francis  1932 

Pla  in  agar,.  10'  C.  Subcult 

urad  every  .3  mbs.. 

ViAble  but  non-'virul^nt 

at  end  of  9 yra. 

H 

Culture  5“1C  C,,  :t,r  .oc» 

into  cork  stopperor. 

. 

■■ 

bottle. 

25  yrs. 

Francis  1949 

Beef  infusion  a,n;ar,  .10  0 

on  surface  witbout 

1. 

I 

transfer 

Virulent  20  yrs. 

■Francis  .1943 

Agar  cult,  in  sun,  39 

2 3/li.  hrs. 

Qladln  I898 

Apar  plate  in  sun,  li.O-14,6 

;.  5i  bra. 

If 

Agar  cult. , -1.8  C. 

1st  subcult,  still 

-■ 

viable  1;  moa.  . ’■ 

Kasansky  1899 

*•  - 31  c. 

2nd  and  3rd  subcult. 

hrs. 

N 

GEIGER  AL 

P.  pestis 

Art'Iffcial  cold,  -22  C. 

2 h. 

Gabritschewsky 

1899 

Natural  cold,  0 Lo  -20  C 

, 12-40  d. 

n 

Freeze  an(  ' dly, 

-20  C. 

Still  alive  40  d. 

Gladin  I898 

Stored  37  C, 

1%  survived  4 yrs. 

Stamp  1947 

Ice  box  culture 

lOyrs,  5 nos. 

Wilson  1913 

P.  pleurisepticus 

Physiol.  NadlJvR.T.,  abs 

dried  over  H-SO- in  vacu 

).  Viable  for  months. 

Otten  1930 

P.  pseudo tube rcuioa IS 

Sealed  and  viable. 

Viable  for  a number  of 

yrs. 

Morllh*  193ft 

P.  species 

^nyaiol.  NaCl,  R.T.,  Abs 

dried  over  H.  S0„  in  vacu 

>.  Innoc.  into  blood  or 

derum,  viable  mos. 

Otteri  1930 

P.  tularensia 

N 

Eggs,  freezinr^ 

R^cov.  1%,  3 nos . 

D<wns,  1947 

Fnctors  Iftadlnp  to  popu- 

Elgelbaoh  1951 

liition  changes.  I)  Type' 

comp,  of  me.d. , 2)  ini- 

tlal' pH.  3)  Ir>'-''^c'n.un 

size,  Ij.)  Oni  : ore 

. factors  present  in  old  ' 

feulto  filtrates 

TABLE  C / b THE  STSEIYil^  DP  PROTOZOA  AlfI)-METAr.OA  IK  CULTURE 


\ 


Factor (a) 

Survival 

Reference 

LIQUID 

. •*- 

E,  hlatol7tlca 

. Ringers*  fluid  % solid 

Dobell  1926 

rice  atsrch,  body-  temp. 

3 wks. 

Dlst.  H)^0,.  tap  water, 

Ringers,  phyalol.  sallm 

' $ 

R.T. 

14  d. 

tl 

10-20  C.,  R.T. 

3 d. 

If 

Sterile  dlst.  -water,  R.T 

26  d. 

Dobell  1927 

N/20  HCl,  ^.T. 

✓ 30  min 

« 

nAO  HCl;  R.T. 

least  1 h. 

M 

N/1^  HClf..,R.T. 

as  long  as  3 h. 

ff 

N/20  HCl,  37  0. 

« 

Flasnodluin  galllnaceiun 

1 h.  j 

Susp.  saline  extract. 

1 

R.T.  In  washed  chicked 

rbc. 

Little  loss  of  Infectl- 

Whitman ' 1948 

vlty  72  hrar,. 

Trypanosona  cruzl 
N.N.  medium,  t^.T. 

- ■ 

>6  yr. 

Packchanlahl943 

Trichomona  vaginalis 

R « T « 

8 d. 

Mohr  1937 

Bact,  free  In  serum, 

Rlnr;ers  soln.  over  live: 

infusion  agar  slants,  3' 

C.  4**6  d. 

TfUssell 

Cysteine,  peptone  broth, 

liver,  maitoii'e,  R.T. 

13  d. 

1* 

SOLID 

S.  mansonl 

• 

Horse  scrum 

14-18  d. 

Ross  1950 

Serum  ultra  filtrate 

10-12  d. 

If 

lOOJ^ 

5 d. 

11 

L.  donovanl 

Blood  agar,  R.T. 

4 mos. 

Rack ohanianl 943 

T.  amerlcanixm 

Blood  agar,  R.T. 

4 mos. 

N 

T.  avium 

Blood  agar,  R.T. 

3 )TOs. 

n 

T.  duttonl 

, Blood  agar,  R.T. 

4 mos. 

m 

T.  lewlsii 

Blood  agar,  R.T, 

4 mos. 

n 

T.  malophaglum 

Blood  agar,  R.T. 

4 mos. 

fl  - 

T.  rotatoriiom 

Blood  agar,  R.T. 

4 mos* 

M 

# 

T.  vaginalis 

Sami-dry  state 

6 hrs. 

Vazques-Calet 

• 

_ . 1936 

E.  histolytica 

Walker  1913 

Powde.red  starch,  R.T, 

10  d. 

f 


I 


a. 


•/) 


1913 


TABLE  C THE  SURVIVAL  OP  PROTOZOA  AMD  METAZOA  IM  CULTURE 


Factor  (s) 


GENERAL,  C0NT„ 

To  vapiinalis 

10*1^ 

Lactic  acid  .21  to  ol02 
ice  box 

Trypanosoma  equiperdlurn 

0,20  Co 
Co 

-191  Co 

Trypanosoma  evanal 

■'  

.0I9I  Co 

Ascarls  lumbrlcolded 
--6  to  -I?  P,  " 

12  18  F, 

in-l8  P„ 


-2  to 
- h to 
60  Co 

70  C . 


.16  P, 

“17  P„ 


Survival 


21  d. 

2-3  wkSo 
3 do 

3 l/k  hrs.. 

r in„ 

31  do 

I4  hrs, 

9 min . 

Inactive  20  do 
Active  30  d., 

Pew  active  6 do 
Pow  active  6 do 
i>.0  do 
5 min, 

10  sec. 


Reference 


pis Cher 
Plorent 


1935 

mB 


Purushima  1936 


De  Jong 

If 


1922 


Cram 

n 

It 

ti 


Ohba 

« 


1924 


1923 


c 


in 


table  C /d  THE  SURVIVAL  OP  RICKETTSSIAE  IN  CULTURE 


Pactor( s ) 


DRYING,  LYOPHILIZED 
R;.  tsutsyRaiTTishl 

Soin^  0o2  aiifi^’o.ae  plu 
buffer  gaits 


LICiUID 

Coxlella  bnrnotl  (Dyor,  nini' 
mile  and  Henzorl Ir "i  atr..  ) 

Gnllno  ;iuiip,  aac.60(fc„  30  min.. 

" " ' 50  C. 


Survival 


Superior  to  skim  milk 
medium 


l5  min. 


Ro  mooserii,  ^ prowazekl 
Yolk  aac  material,  -720 
•o  '05  glutamate s pH  clob^ 
to  7,0  basal  salt  aoln., 
high  In  K ions,  1 to 
serum  albiimin.. 

Tissue  oulto,  in  aeriun 
with  Tyrodes,  37  ^ ■ 20C 
*’  " 20  >ic  "i^-OC 

R„  prowazeki 

Sterile  aklm  milk,  26-28^ 
Broth,  26-28  C„ 

?n^  normal  yo]k  a an, 

26-28  C. 


Tyrodea  aoln.'  26-28  C 

Tyrddea,  G..P.  serum, 
26-28  C„ 

56  Co' 

Blood  spec  2-J|  C. 

« " 37  C 

Dessicated,  R«T.) 

G.P  blood,  R.T, 

Carbon  tot,,  or  benzene j 
CS,^,  25^  NH^j,  ether, 
cre*3ol,  ethylene  Cl^, 
tetraralne 

Physiol.,  saline  with 
top  water 


Survival  favored  by  the|e  Bovarnlckl950 

Nlgg 


Ro  species 


1/10 


Aqueous  susp^ 

Chick  embryo  dll 
No  saline,  ^0  G„ 

Chick  bmbryo  dil„  with 
Tyrodea  horse  serum„ 

Chick  membo,  'lij.  C»,  vd  tji 
carbon  snow  in  presence 
of  PoOj,  .sealed  under  HJ  13  d 
Ro  rickettsl 

Pure  glycerol,  -10  C„ 

Rooky  NtUo  Spotted  Pfover 
Dessicated,  R»'J'o 
fflulnea  pig  blood,  R.T 


Several  moso 
Week  or  two 

, 2ij.  h o 

6 h.o  (Preine  atr.  ) 

50^  mortality,  5 hrs, 
(Bogota  epidemic  Str, ) 
6h .. 

6 ho 

30  nin 
1 or  more  ho 
f(;’’  hrs., 

['■'ew  hrs , 
f oio;  hrs  . 

Viable  >1  h. 


<7  mino 

Affects  viability  dele- 
teriously . 


1;0  hrso 
1 wk. 

Not  viable  after  20  d. 


Reference 


Jackson 


1951 


Rpnsom 


1951 


Anderson 

It 


ti 

II 


Rivers 

It 

It 

ft 

Schlote 


10  moso 

few  hrSo 
1 wk.. 


Topping, 
Latar jet 
Pajizln 


Spencer 

Rivers 

It 


1948 


1948 


1940 

1951 

1947 


1924 

1948 


1935 

1944 


I 


TABLE  i/C 


TTTE  SURVIVAL  OP  RICKETTSSIAE  IN  CULTURE 


Foctor(s) 


LIQUID 

Rocky  Mtn.  Spotted  Fnvor 
Cr'po  bl(^d,  cold  room 
Go  Po  blood,  brain  ^ 
spleen,  -7  C„ 

Typhus 

Broth,  pH  7 069 
Fermented  broth,  pH  6„10 
Saline,  pH  6 8^ 

Serum  "c  saline,  ipH  7 ..93 
■Vater,  pH  6.9? 

Peptone  water,  pH  7 .06 
Tyrodes  aoln  , pH  8,l8 

GENERAL 

Ro  burneti 
T6  C” 

Infection  spread  by  mean  3 
of  air  borne  droplets 

R,.  prowazeki 

Dry  heat,  39  C “11.1  0 , 

Scrub  tvphus 


Typ>ius 

77  c,,  pH  8-8.8 

■10  or  0 C, 

37  C, 

23  C„ 

0 C, 

-10  c. 

"77  0, 


^Survival 


2 wkso 
1 yr. 

Trace  ij.8  hrs 
Trace  96  ho 
Trace  lj.8  h 


tt 

It 


I1-8  h. 

2 h, 

2 h... 

2 Jio 


Lonp  time 


1 h 


Reference 


Rivers 


Elf ord 

If 

It 

<1 

It 

It 

It 


Rivers 


1948 


19/ 1 4 


1948 


Commen-  on 
Respo  Dis„  1946 


Schlote 


1948 


long  time 

4 moSo 
2-3  days. 
T'^aco  l|8  h. 

” 2 h., 

'•  48  h. 
Present  8 d. 
" 8 d.. 


Rivers 

Elford 

It 

It 

II 

II 

It 

ft 


1940 

1944 


TABLE  0/  7 the  survival  op  SAWtONELLA  SPECIES  IN  CULTURE 


PflCtor(s) 

Survival 

Reference 

DRIED,  GENERAL 

So  Paratyphi 
Dried. 

Viable  ^ 2 ho 

Orskov  1'.25* 

Nutrient  gel  with  ascor- 
bic acido  Dessico  3 

Recovo  23  do 

Stamp  1947 

Nutrient  (’•.elntln  ’k.  as- 
corbic acido  Dried  over 
ff. ■Oj'' at  100"300  Iran  Hg.. 
Stored  in  vacuo,  Ro'i  , 

yr.  survival 

n 

So  Species 
Dried 

1^.-5  yrs.. 

ft 

DRIED,  LYOPUILIZ^D 
So  choleraesuls 
Broth  culture 

! 

10  yrso 

! 

Schoenlng  1949 

LKiUID 

S.  choleraesleus 

Glucose-peptone  water 

7 do 

Oshii  1920 

So  enteriditis 

1912 

NaCl  solno 

wks  0 

Karaffa-Korbutt 

So  hiss 

1,283  do 

! Lai  1925 

Glucose  peptone  water 

5-7  d. 

Oshii  1920 

Nafll  soln., 

RecoVo  0,  wks. 

Stadler  1899 

So  irtorbificans 
Nad  aolno 

3 wks  0 

Karaffa-Korbutt 

NaOl  soln.. 

Recov.  0,  3 wkso 

1912 

Stadler  1399 

So  paratyphi  A 
Tryptic  digest 

3p259  do 

Lai  1925 

Bouillon,  o3  C, 

Viable  1-4  min. 

Orskov  1925 

Salinsp  62  C, 

< 5 min. 

ft 

Lactose  peptone  water 

3-5  do 

Oshii  1920 

NaCl  soln,  R,To,  dried 
in  vacuo 

Viable  mos . 

Otton  1930 

So  paratyphi  Bo 
Muttan,  agar 
Bouillon  63  C„ 

3.259  d. 

Lai  1925 

4 min 

Orakov  1925 

Lactose-peptone  wat'ir 

3-6  do 

O.-hil  1920 

NaCl  soln..  R„To,  dried 
in  vacuo 

Viable  mos . 

Otten  1930 

So  schottrnullerl 

Broth  ?c  water,  frozen 

17  do 

Thomas  1925 

So  species 

Bouillon  culto,  in  gla,ss 
-cap  illarles 

>1  yr. 

Wesselinoffl949 

So  typhimurlum 

Bouillon  beer  wort, 

exposed  to  UoV,  10-15  m 

Ln,  1-15  seCo 

Gilles  1935 

SOLID 

So  enteriditis 

transmitted  by  rat  fleas 

Eskey  1949 

THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  CULTURE 


Pactor(s). 

• ^ 


SOLID 

S..  enterldltls 
BlQ.od  gelatin 
So  Paratyphi  B. 

Crust  of  rye  bread,  R.T 
So  typhlmurliun 
Oeifit  In 


So  choleraeauis 


So  piallintirupt 

Stor^  “aic  37  C, 

So  Paratyphi  C 


Stcr  ©d  at  37  Co 
3.1  typhimurlum 

Stored  at  37  C„ 
So  typhlsula 
Sf-.ored  at  37 


Survival 


Reference 


y 6I4.9  do 


98  d. 


>657^do 

1,562  do 

2doif.^  surv.  yrso 
50  do 

survo  I4.  yrs. 
18,4?^  survived  4 yra. 
16,2^  " 


Bachmann  ■■•1-943 


Stamp 

Kister 

Stamp 

Stamp 


TABLE  C.  / ^ 


THE'^'SURVIVAL  OP  SALMONELLA  TYPHOSA  IN  CULTURE 


Pi;ctor(s) 


DRIED,  GENERM, 

Dried  Iti  thin  layers 
" ” thick  layers 

Vacuxuti  d^»ied,  -195  C. 
Air  dried,  dprk 


bkiED,  LYiMitiSiBb 

S|andardiaed  auap...-192  C. 


im 


QS%  NaCl,  freezing 
Bouillon  culture,  continu- 
ous freezing  @ -20  to  -16C 
Watery ■'s'ttsp.  of  fresh  cult, 
placed  on  petri  dish  in 
sunlight . 

1%  soap  soln,  k-8  C 

6cg  It  If  H • 

1%  " " 18  C 

6^  ti  M If  • 

S%  ” * " 

irf.  ti  If  It 


Survival 


5-15  d. 

ITtO  S o 

4 d. 
k d.  ■ 

'10  d:  , 

' ^ 6 d. 


Refetrence 


Osier  1901 

I* 

Shattock*  1912 

If 


Turner - 

B'lten  1918 


Survived  mos , 

Innoc.  100.  95-99/C  re- 
duct. in  10-15  niin. 
100^  reduct.  ]t-k  hrs. 
12  h. 

15  min. 

24  h. 

30  min. 

1 h. 

32  h. 


Brehme 


dark 

Jolles 

II 

It 


ft 

tt 

ti 


1901 

1903 

1895 


Bouillon  susn.,  R.T.,  Pflll 
on  Potrl  dishes 
.Tryptic  digest 
“185  C. , liqj  id  air 

Broth  eijjulsion  v;ith  liquid 
air. 

Sealed  tubes,  liquid  air. 
Liquid  -252  C. 
Beef-peptone  agar  in  sun 
Bouillon,  63  C. 

Lactose  peptone  water 
Thick  SUSP,,  R.Ti,  dried 
in  vacuo  over  H^SO,,, 

NaCl  soln,,  R.T,,  dried  in 
vacuo 

Bouillon,  neutral  pH 
Peptonized  beef  bouillon 
freezing,  -17,8  C, 

" -190  C,  in  llqui 

air. 

Peptonized  beef  bouillon, 
frozen 
“17o8  C, 

Huntoon  broth,  frozen 
Susp,  in  agglut,  immune 
serum 

Hmulslon  24  hr,  bouillon 
cult,  in  salt  soln.  heated 
at  80  c,  for  10  min. 

Liquid  air  in  glass 


24  h. 

3,838  d. 

No  impaired  vitality 
20  h. 

No  i“i  sir- oil  vitality, 

^ m .s, 

10  h. 

in  win,  to  1 h. 

Viable  1-2  min 

3-5  d. 

Innoc,  to  blood  or  serufi 
agar,  2-5^  survived 

24-48  h, 

Innoc.  to  blood  or  serujn 
agar.  Viable  mos. 

82  d. 


Recov.  l/45»  2 h. 
Recov.  2/60,  2 h. 

99;;^^  killed  2 h. 
.5^  recov,  2 h, 

13  d. 


time 


No  effect  on  surv.  _ 
2-8  hrs.  (6X  as  much 
needed  to  kill  spores. 

Re»ov  25,^  2 h. 


Klrsteln 

Lai 

MacPcyden 

MacP^yden 

fl 

ri 

Minck 

Orskov 

Oshli 


Otten 

I 

Otten 

Remy 


Smith 

It 

If 

II 

Thomas 

Tinti 

Welnzirl 

White 


1902 

1925 

1699 

1900 


1096 

1925 

1920 


1930 

1930 

1900 

1905 


1925 

1923 

1914 

1901 


TABLE  (>  /YTHE  SURVIVAL  OP  SALMONELLA  TYPHOSA  IK  CULTURE 


PnCtor{3) 

Survival 

Reference 

SOLID 

Crust  of  rye  bread,  RoT. 

ij.'l  mos. 

Buchanan 

1943' 

Agarp  full  radiation  Hg  arc 

1914 

under  glass,  water  doolod. 

10  mlrf*?ttt  10  cm. 

Bazzonl 

Agar  % gelatin  plates 

li  h (July,  March,  Aug. 

Dleudonne 

1894  . 

ti  It  « 

2}  h (Nqv) 

ft 

nun 

J4.J  h (Winter) 

If 

1941 

Sfllt  media 

91  D. 

Frank 

Nutrient  gel  tubes,  22  0, 

No  chajige  in  8 d. 

R(,nsome 

1901 

Action  of  H ions  on  riicro-oi 
increased  hy  raise  in  temp 
from  20  to  4.^  C„ , the  pH  at 

•go  is  very  rapid  % is 
ny  changing  the  temp, 
which  typhoid  bacilli  ar* 

1 

killed  shifts  from  to  1 

;,i. 

Slerakowskll924 ' 

Gelatin,.  20  C.,  I'jS  4c  Id 
added  to  phenolphthalein 

> 8 mos. 

Worth 

1919 

oEiJeraL 

Artificial  media 

> 5 wks. 

Houston 

1912’ 

- 

>929  d. 

Lai 

1921 

113  Co 

living 

LMI 

1923 

120  C . 

Deed 

tf 

R,To,  Dark 

2,906  d. 

It 

60  Cc 

10  min. 

Osier 

1901 

"50  C. 

18  wks. 

ft 

1924 

=2  to  -7  C. 

32wlCo  • 

Park 

Co 

Dried  eftvar  46th  ahange 

Spencer 

1942 

Storage  at  R»To 

50^  if  yrs. 

Stan^j 

1947 

n ft 

5.6  " 

fl 

If  II 

18. " 

It 

ft  n 

1.3,<  " ” 

It 

n « 

16.7  " " 

ft 

Sunlight  has  no  appreciable 

inhibiting  effect 

Stimson 

- 

Ice  cream,  -19  0, 

1 yr. 

Tanner 

1928 

Excess  lime,  pH  9-9*5 

> 540  min. 

Wattle 

1943 

" ” " 9*5-10 

> 540  min. 

ft 

'*  " " 10-10.5 

^ 540  min. 

ff 

" " 10-5-n 

240  min. 

If 

'•  " ” 11-11.5 

*v 

12  0 min. 

ff 

TABLE  ^ / 9 


THE  SURVIVAL  Oj^SKRRATIA  SPECIES 


IN  CULTURE 


Pactor(a) 

Survival 

Reference 

DRIED,  GENERAL 

So  3PP. 

Dried  ■ 

Proom  1949 

DRIED,  LYOJ*UILIZPE> 

So  marcescena 

Stored  at  R.T.,  dark. 

S.  rubidaeum 

Frozen  at  C, 

Survivals  100%.  Viablli 
lost  when  stored  in  a 

82,2%  killed  in  1st 
freezing 

.r. Naylor  194^ 
Stllle  1943 

Liquid 

So  marcescena 

Standard  nutrient  bioth, 
R 0 T 0 

Bouillon  auap.,  R.T. 
Broth,  -13  to  -15  C, 

Salt  aoln.  **  " 

Broth,  before  centrlfusr. 
" aftor  - ' 

” 1 hr.  Inter 

Deacon  1932 

Elrstein  1902 

Tanner  1928 

M 

Winslow  1927 

H 

A 

soLid 

So  marcescena 

Agar  A;  gelatin  plates, 
March.  July,  Aup:. 

li  h. 

Dleudonne  1894 

GENERAL 

-10  to  1 C,  (S,  marcescena) 
So  marcescena 

Stored  at  37  0, 

51  d. 

658  d. 

16^  recov.,  4 yra. 

Hilliard  ’ 1918 

Lai  1921 

Stamp  1947 

TABLE 


l^THE  SURVIVAL  OP  SHIGELLA  SPECIES  IN  CULTURE 


Factor (3) 


DRIED  GENERAL 
So  spp. 


Dried 

Do33  looted  ' 


LIQUID 

So  dysenterlae 


Bouillon 

Mutton,  ar^ar  slope 
Thick  suapo,  dried  in 


vacuo  over  H^SO,^, 


Rot. 


GENERA 

So  dysenteriao 

liS  lir.  cult 
« « 


40  hr.  cult, , 37  C, 

II  « 22  C 

" ” 10  G° 

72  ho  cult.  37  Co 
" " 22  Co 

" " 10  c. 

Bouillon,  strong;  sun 


Survival 


4-5  yrs. 
20-25 'd. 


Reference 


Proom 

Vaillard 


NaCl  aoln.  R.T.,  dried  1 
vactio 

Saline,  C.,  .freeze  i: 
CO  ^0 

Broth,  -78  Co 
Broth,  RoTo 
Spline,  —78  Co 
o pHradyaenterlae  (Plexner 


Bouillon 

Mutton,  agar  slope 
aradysenterlae  (Hla  Y) 


utton,  agar  slope 
seudodyaontory 


yalol  saline,  R.To 
So  spp. 

Alcohol,  other,  chloro- 
form, 37  f*. 


SOLID 

S,  dysenterlae 

Crust  of^  rye  bread,  R.T. 
placed  on  Drlgalakl  mod. 
Crust  of  rye  bread,  R.T. 
Solid  aubstance  (Y  type) 
So  Paradysenterlae  (Flexner 


Crust  of  rye  bread,  R.T. 
placed  on  Drlgalskl  med 
Crust  of  rye  bread,  -5  t 

-25  Co 

So  sonnei 

Cruat  of  rye  bread,  R.T, 


920  d.  Lai 

1,562  d,  Lai 

Innoc.  to  blood  or  aeru 
agar.  Rpcov.  .05- *005:^ 
24-48  h. 

Innoc.  blord  or  serum 
agar.  Viable  moa. 

25/^ 

96.5^ 

32.25^ 

42. 35^ 


>1,044 

1,562  d. 


1,562  d. 


few  hra. 


Viable  20  d.’ 

66  d. 

5 do 

Viable  23  d. 

Viable  45  d. 

Overgrown  with  spores  o 
bacillus 


Otten 


Proom 

n 


1925 


Otten 


Vaillard  1903 


13  d. 

15  d. 

24  a. 

13  d. 

16  d. 

24  d. 

<30  min 


Bamberger  1936 

II 


IS  -ft.  ■■■  ’ •* 


TABLE  0 ^ THE  SURVIVAL  OP  SHIGELLA  SPECIES  IN  CULTURE 


Pactoi»(3)  . 


GENERAL,  CONT. 

S..  dysenterlae 

Dark,  RoT. 

stored  37 

Excess  lime  pH  9»5“10 
" "pH  10-10,. 5 

* It  « 10o5-ll 

" " " 11-11.? 

So  equull 

Cull  o , R « T o , pH  7 0 1|>  I 
Stcr  ed  in  dark. 

So  amblpiuat Schmitz) 

Culto  In  bouillon,  stron 
. sunllfTht 

So  kruse  • 

4H  'h.  cult.,  37  C. 

TT  II  22  C, 

" " 12  C, 

72  h.  cult. , 37  C, 

« '»  22  C, 

" " 12  Co 

'’Bouillon,  strong  sun 
So  parady3(3nterlae(Plexner) 
noulllon,  strong  sun. 
R.To,  dsrk 


Sui*vlval 


10  d. 

920  d, 

14.0?^  survived  Ij.  yrs. 

^ 300 

^300  min. 

180  min. 

75  min. 


Reference 


stron 


3-ii-  mos, 


< ij-O  min. 

12  d. 

15  d, 

24  D. 

13  d. 

15  d. 

24  d. 

<30  min, 

<60  min. 
l,0l|.9  d. 


TABLE  0 ^ ! ^TIUS  SURVIVAL  OP  STAPHY'LOGOGCUS  SPECIES  IN  CULTURE 


Factor (a) 


Survival 


Reference 


GENERAL 
So  albua 

^tock  lab  cultoy  seaLodj, 

, RoTo 

Material  obtainbd  from  a 
throaty  urine y uterus  \ 
with  HCl  and  NaOH.  Of 
at  pH  2o6;  li  at  pH  $..0^ 
for  2I4.  ho 
So  aureus 


11-12  yra„  Ahuja 

523  do  Lai 

mtuiriy  antriOTj  nose,  akin, Hall 
put  in  broth  Se  adjusted 
l2  straina  used  7 viable 
1 at  pH  8;  8 at  pH  10 


Dark),  RoT,. 

Matl obtained  from  boll 
abaaesa,  aycoalSs  spina 
fluid,  in  broth. 

So  oitreus 

So  appo 

Seas i cation 
60-100  C.,  in  broth 

dlat..  water,  dri.  ed  on 
collodion 

Very  resistant  to  drying 


52k  d,  (Bombay  atr, ) Lei 
> 092  d.  ” 

6^7  d„  Lai 

, 11  atrso  viable  at  pH 
L 2.6;  6 at  pH  8;  13  at 

pH  10  in  2i|.  ho  Hall 

^23  do  Lai 

30  yrs..  Ffisqj 


1921 

1925 


1921 

1921 


Ffisqa  elle  1950 


cell  membrane  separated  Ruaka 

Rhodes 


1941 

1950 


MICROCOCCUS  SPECIES 
GENERAL 

M«  ihelltensla  ^ 

M,  neoformana 

No  pyopienea 

Sensitive  to  ,R5^  NaCl 

SoLlb 

M»  aurococcua 

Agar  covered  with  aterili 
10^  cane  sugar  aoln , & 
holding  at  10  C„ 

M.)  candlcona 

Nutrient  gel,  22  C„ 

Mo  oatarrhalls 
; 2 6 Co 


523  do 
523  do 


No  rhango,  8 d. 


Keith 


1921 


1920 


1913 


Rsjiaome  1901 


TABLE  C’^/  THE  SURVIVAL  OF  STAriri'LOCOCCUS  SPECIES  IN  CULTURE 


Factor ( 3 ) 


DRIED,  OENERAL 
So  aureus  ' 

Dry  ice  Sc.  etiior 
Licp  id  all? 

^Driad  on  artiall  stonws 
in  vacuo  at  low  t«mp< 
Vacuum  dried,,,  195  C 
Air  dried 


•Survival 


wka„ 

125  do 

RqOOVo  1^.0% 

16-  22  d. 

16.-22  do 


Ref eranoe 


Paul 

« 


1907 


Shattock  1912 


Dried  on  garnotfiy  RoT..; 
” ” ice  box 


tonvT.  of  Liqi  id 


Dried 


LIQUID 

So  albua 

■35^*'NaCl,  '252  C„ 

So  aureus 

Sgline  ausp,.  y 6-11  C..  , 
RoIIo  COa,  5 -4% 

High  pressure,  RoTo, 

3000  atmoaphsu'es  , 

Broth 

Pu.3  cultura,  R,T„,  conlol 
glacis  tubas 

Dextrose,  bou.lllon  celt  , 
freezing,  48  h-  , vacn.um 
des.slcated 

Bo  illlon  susp.,  RoTo , 
in  ceilur,  fine  drop.s 
Pure  culture 
Liquid  air,  1 85  0 , 

Liqdid  air 
Liquid  -252  C„ 
Physiol..  NaCl  so  In  , R..To 
Dried  J.n  vacuo  O'.-Rr 
H SO 

Scrum,  37  C„ 

Meto  violet 
Sflline,  "78  Co,  Proev.e 
in  C0.j^  ice. 
uroth,  freeze  in  00.^^ 


,11,11  ,m  ~ ■ — 

SOLID 

spp- 

Nutrient  ngar,  bolovj  IOC. 


Innoc..  90,000,  Recov. 
300,  32  d,, 

Innoc..  88,. 800,  Recov, 
550,  32  d 

Innoc.  65,990,  Recov, 
67,900,32  d 
4"5  yrs. 


50  h.. 


Paul 


1509 


48  rnin 

15  d. 

2k--.3k  yi’S' 


54  d.. 

35  d. 

28  d.. 

No  impaired  vit.o.lity 
20  h . 

6 tnos  . 

10  h. 


Viable  for  mos 
Up  to  11  d, 
Rncov,  0,  1 min, 

iOOJ^ 

100?^ 

Vl.vble  1 yrso 


Rq  ,grcv/th 


Proom 


70^  deatruct  , 58  d,  Aral 


Basset 

Bellolli 

Balin 


Hammer 


Proom 

II 

Rhodes 


Haines 


1949 


Kadlsch  1931 


1931 

1932 
I9S 

1933 


1911 


Kirstoin  1902 


MaePpyden  1899- 

'•  1900 

It 


Otten  1930 
Pnnisset  1925 
Philibert  1926 


1949 

19g0 


*■;  « .!  "li,  t/ 


table  C ^ ^ THE  SURVIVAL  OF  STRLPTOnOCCUS  SPECIES  III 


CTLTURE 


Pfictor(s) 

Survival 

Roference 

DRIED,  GENERAL 

So  species 

1948 

Dried 

7 yrs. 

Lai 

Dried 

h yrs,. 

i ro  om 

1949 

Dried 

2/3  ‘■■f  orl,->;inal,  97  d» 

Stark 

DRlfilD,  ■ LY0PRILI3ED 
S.  heinolyticui.5 

5l  irio.So 

1921 

Dpied  li2  ho 

Swift 

Frozen  and  dried 

many  yr.s„ 

Swift 

1937 

LIQUID 

So  hemolyticus 

1924 

Citrntay  p;olf.t’tny  R.>To, 

>3  d. 

Rioloney 

Lockes  solptin,  ^7  C, 

>12  h.. 

tt 

Bacteria  indifferent  to 
valent  ■'t  univalent  salt 
at  cf.'rtel  ii  Icu  ols 

janiotic  i>res;.ure  . Bf- 
i antap.onizo  each  other 

rt 

Snspo  in  broth  or  saliva 

in  dry  air. 

Hip.hiy  sudcept.  to  tri- 
othyleno  'f^lycol  va^T  or 
after  5 In  deasicato 

Robertson 

1951 

**  **  " lev;  R..H 

, Blower  rate  of  killing 

tt 

Vo:il  infURlor  l-rothy  P.PO 

. at  loaet  d,  (alpha) 

Surgalla 

j '1 

II  M If  2f'l  o 

^ At  least  30  d ” 

If 

S..  spp. 

EirV.  whitCy  So  , 

h ho 

Belin 

1933 

Peptone  1/20 

3 b. 

tl 

Alanine  l/?.0 

5 h. 

tt 

Olycoohol  1/100 

13, .5  h. 

tl 

leuc  Li\e  l/lOO 

13 

tl 

Physiol  NeCly  R»Ty,  ah- 

solute  dryiri)"  In  vafuo. 

V^ftblo  months 

Otten 

1930 

Sprsj'.-d  cultttre 

All  orr.an  1 rin;?  settled 
in  40  hrso 

Phelps 

1939 

Sonsitizad  v;ith  r'OflViyl 

1926 

violet 

RpCO  V . Op  30  min. 

Philibert 

Brain  tissue,  plycerl  S 

>303  d 

Rv.oads 

1925 

So  salivarlus 

:ieruTn  broth,  1'’  C„y  RU  7 
Oi’onn  .,6  .14PPI' 

■i 

0 Itillea 

Elford 

1942 

GENERAL 

S,  agalnctlae 

1941 

... 

HlOSa  ' 

Watts 

RH  0 

RH  7S% 

3 T>'»  ^ 

8 wkso 

It 

1945 

RH  SSfo 

26  wks- 

II 

RH  P.S  % 

156  wks  „ 

It 

RH  io;g 

156  wks 

II 

So  aureus 

Stored*  at  37 

- 

Stanp 

1947 

S,  fecal  l.s 

3i  ock  la‘'„  cultoy  osAed 

test  tube,  R,To 

11~12  yrs 

Ahuja 

1935 

So  berriolytlrus 

Capillar^/  tubo;!,  !^  to-lBc.  ■’  wks., 

Citovicz 

1928 

TABLE 


r THU  SURVIVAL  OP  STRliiPTOCCCCUS  SPECIES  IK  CULTURE 


Faotor(s) 


Survival 


Rafarence 


GENERAL,  CONT. 

3.  hemolyticus 


S.  lootla 
Young  cells,  1 C, 

Mature  cells,  1 C. 

S.  SUP* 

•nHS%-9o:^ 

Death  rate  of  3.  spp.  dc  ^-re 
hydratos  wVien  desslcnted. 
dust,  water,  xylose,  salin 
<Un,  sluooso  ?e  sucrose  the 
from  o6,8  to  $,0  desaicato 
88.0  for  tlie  aturie  fluid  oo 
Varies  In  rualatanp.e  to  vat 
60-100  C.,  h.  broth 

or  a^ar  cult. 


Can  stand  numerous  trai^ts* 

fers 

Inoc.  28,000,000,  Ha- 
cov.  620,000,  62  d, 

Inoc.  350,0r;0,000,  Re- 
cov.  <1,  5l  d, 

x'apidly  drilled 
asod  In  certain  carbo- 
Uaing  progressively 
0,  tryptophane,  sali- 
jS  death  rata  decreased 
d compered  with  fll.6  to 
ntrols. 
l^ylon©  blue 

Plasmolysls 


Spencer 


Shormen 


hi ford 


Heller 

Louros 

Ruska 


( 


TABLE 


( -z  y 


THE  SURVIVAL  OP  TREPONEMA  SPECIES  IN  CULTURE 


Pactor(s) 

Survival 

Reference 

DRIED,  general 

T.  pallidum 

■■  46 

2 hrso 

Besseman  1930 

.42  0. 

1 hro 

Dialed 

1-2  do 

Lands te lnerl906 

Dried  in  vacuo,  R»To 

No  movement , 4 d. 

Zurhelle  1927 

Under  ppiraffin,  liquid. 

RoT  0 

Movements  3 d,  17  hr. 

11 

TTndor  paraffin,  ico  bolt 

Movements  5~7  do 

II 

Dried  in  vacuo,’  R.T» 

No  movement  68  h.. -4  do 

It 

Dried  in  Petri  dish,  Rnl 

, Still  viable  65  hrs , 

tf 

DRIED,  LYOPHILIZED 

T.  pallidum 

7 mb.  cult.,  dried  from 

frozen  state,.  Stored  8 

168  hrs. 

Hampp  1947 

Rabbit  testes  in  infinslc 

n 

broth,  -78  e. 

3 yrs. 

Turner  1939 

-10  C. 

< 2 mos . 

Turner  1938 

-20  0 

<2  mos. 

II 

-78  G. 

1 yr. 

II 

•78  C. 

1 yro 

tl 

T.  pertenue 

• RnbbTt  testes  in  infusiq 

n 

broth,  ’78  C. 

3 yrso 

Turner  1939 

-78  C„ 

1 yr» 

II 

LIQUID 

T.  hiapanicum 

Blood  of  G.P.,  14-20  C. 

29  ajmsples;  25  virulent 

2 -33  do 

Sergont  1938 

■"  ” 0 C, 

6 samnles;  O virulent 

33-60  d. 

c 

0 

0 

20  .samples;  I8  virulent 

2d’-7wk.So 

tt 

" " 10  0. 

1 do 

It 

Chorioallantoic  momb.  of 

1^0  ho  chick  embryos,. 

<4  li- 

Sterzl  1939 

T.  pallidum 

Sfllirio  susp.  45  G„ 

Klliod  7-10  min. 

Bronf enbrenner 

1913 

10^  rabbit  serum,  -10  C, 

> 15  do 

Hindle  1934 

inactive  dop;  serum, 

1'  physiol  salt  solno , 

20o4-3.6^  abs; 

4 ho 

Jahnel  1938 

Above  at  1.7  abs. 

h 

Ji <» 

If 

Serum  exudate  from  chanc 

re 

% {, 

*0  n 

Xt  0 A 

121  d. 

Lacy  1921 

saline  susp.,  rabbit 

testes,  RoTo 

58  do 

« 

Brewers  fluid,  thiop,lyco 

1- 

late  below  3?  Go  Incubo 

with  rabbit  testes 

Improved  survival 

Nelson  1948 

Expo 3 ..  to  -5/?  ’CDk^  with  i s 

0 - 

tonic  buffer,  pH  7 « 

0 Prolonged  survival 

ft 

^ABLE  C ^ j THE  SURVIVAL  OF  TRKPONEMA  SPECIES  IN  CULTURE 


PgCtor(s) 

Survival 

Reference 

LIQUID.  CONT, 

To  pallidum 

Isopropyl idene  with  TPS 
factor,  147”' 148  C. 

— t- — 
Prolonged  survival 

Rice 

1951 

Rabbit  plasma,  5 0, 
Chorioallantoic  membo  of 
150  ho  chick  embryp.-ft’,' 

6 do 

Selble 

I943-' 

< 4 h* 

Sterzl 

1939 

Physiol  NaCl  & humah 
semxm  under  vaseline'.  R 

4IW  1 .11  ■ 1 ■■■ 

.To  Motionle.ss,  5 d. 

Zurhelle 

1927 

To  3PP 

Deep  tubes  of  agar  anas 
oil  at  RoTo  and  37  C 

factory. 

GENERAL 

To  palllduin 
Culture, 


rpbically  under  paraffin 
h dark  was  not  satis-' 


Rosebury  19^0 


II 

II 

II 

-16  C 
2 C.  ' 
Cult  o 
10  C. 


.39  C. 

ho  c. 

a 0. 

l|lo5  c. 


between  0 % C 


Ice  cheat 
48  C. 

37  % 0 C. 

Syphilitic  matlo,  10  C, 

" ” ice  chest 

" 4fl  c. 

Crystalline  bovine  alb„ 
Na  .pyruvate,  inorp;.  PO 
buffer,  glutathione, 
cysteine,  vitamins  ^ 
NaHCOj,  30  G,,  under 
00^-95% 

Culture  of  rabbit  testes 
Stored  In  solid  CO\ 
Chick  embryos,  35  0. 
Aerobic,  damp  chnrabnrs, 
R.T  , 


5 ho 

3 ho 

2 ho 

1 h 0 

3 mos . 

Some  days 
>101  h. 

Lost  power  of  producing! 

loalon,  3 h„ 

24  ho 

30  mlno 

4 ho 

3 h. 

24  ho 
30  mlHo 


Boak 

II 

It 

It 


1933 


Kissmeyer  1928 

ft 


Krantz 


1923 


Land3telnerl906 

If 

« 

Miyao 
Nelsser 

ft 
ti 


1930 

1911 


It  It 

n II 

ertenue 


H 

It 


37  C. 
ice  box. 


Co 

37  C. 

0 c. 

To  sppo 


Te*^P  ranging  from  that 
of  liquid  d^to  thatof 
liquid  He 


8-10  do 

10  do 
5-20  moso 
>8  do 

4 do 

48  ho 

Still  viable  3 d,,  1?  h| 
15  min. 

2 ho 

<^15  min. 


Survived 


Nelson 

Perry 

Rosebtiry 

Wile 


Zurhelle 

It 


Marcbeux 
Mijjao 


Luyet 


1948 

1948 

1950 

1941 

1927 


1938 

1930 


1938 


TABLE  0 ^ K THE  SURVIVAL  OP  VI BRIO j SPECIES  IN  CULTURE 


Pactor( 3 ) 


DRIED,  GENERAL 
V.  comma 

Peptone,  water*  cr-lto  drlfcd 
In  vacuo  over  L HoT* 
Sealed  class  tuoeso 

(Schin.ong  653) 

(Rangoon  R) 


Survival 


Reference 


(Schillong  1077) 

(Schlllong  610  R) 

Dp  led 
V»  foetus 


U yra. 

Orig.  count,  9 X lo'? 
After  4 yra.,  240  l. 
Orig.  count,  6 X 10^ 
After  4 yrs.,  50  . 

Orig.  cqunt  , 9 X 10* 
After  4 yra . , 50  T 
Orig.  count,  125  X 10 
After  4 yra . , 0 
4"5  yrs. 


V,  corona 

Sterile  aat.  aoln.  NaC-j 
in  water 

Plah  extract,  storile 
BoAlllon  cult,  with 
Cent,  freeze  -10  to  -16C 
Bouillon,  -/)  to  '18  C, 
Peptone,  water  dult.,  R. 
Dried  in  Vacxio,  sealed 
tubes  over 

0.3  g.  NaCl  % 10  cc  agar 
38  C.  (El  tor) 

38  C.,  .3  gw  NaCl 
0.3  gw  NaCl  A:  0.05  RW 
CalNOj  )a 

0.3  gwa  NaCl  4 0,1  g.  j 
Ca(N0j)5.,  ! 

Meat  Infus ion  i 

Ham  broth 

Bouillon  auap.  R.T,, 
Bouillon  culi,,1.06  D,  ol 
dried  in  air 
dried  In  exlcator 
Bouillon  cult,,  l5  d,  ol 
dried  in  air 
dried  in  exlcator 
Bouillon  cult,,  1 d,  old 
dried  in  air 
dried  in  exlcator 
Bouillon  cult.,  40  h.  ol 
dried  in  air 
dried  in  exlcator 


< 1 d. 

125  d. 

57  d. 

Perished  in  5 d. 


4 yrs. 


Normal  & Invol.  forms, 
Invol.  A:  normal  forms, 

Normal  forms. 

Invol,  4 Normal  forms. 
)|-5  wks. 

4-5  wks. 

10  h. 

’2  d 
3 d. 


30  h. 
40  h. 


Campbell -Rent on 

I 1942 


Proom 


1949 


Arguelles  1927 


Brehme 


1901 


Campbell -Renton 

1942 


Elsler 

n 


1909 


Hesse 

II 


1889 


Klrateln  1902 


Kltasato 

e 


1889 


ii 


TABLE  0 THE  SURVIVAL  OP  VIBRIO  3PECIES  IN  CULTURE 


Pactor(s) 


Survival 


Reference 


LIQUID 

V 0 comma 


- (Bombay • str» ) 

- (Lister  atr.  ) 

Liquid  air,  -16^  C. 

Peptone  broth,  liquid 
air,  -252  C„ 

Broth  emulsion  with  un- 
stOTo  milk,  liquid  aid 
Li<nid  -252  C„ 

Thick  ausp,  R.T»,  dried 
in  vacuo  over  U^SOy. 

Physiol.  NACl,  RoTo,  aha 
drylnp:  In  vacuo 
Sffllne 
Broth 

BrOth,  R,T. 

Srline,  -Jf\  C„ 

1/5,000  peptone  with 
salt 

Ster.  self.,  water,  ice 
0.5-7.0  G 


Beef  bouillon  in  cotton 
stoppered  tost  tube. 

30%  srt.  NaCl 
1^5^  soln.  5th  class 
table  salt 
Peptone  water 
Bouillon 

NaCl  20  Sc  25:^, -70  C., 
Peptone  wntor,  -60  c. 

Bouillon,  -60  C„ 

Ito  2S%  saline 
20^  IlaCl,  -70  C, 

Physiol o NaCl,  -70  C„ 
Peptone  water,  pH  7»9 
Bouillon,  pH  7v9 
Peptone,  5“6o5  C , 

Bouillon,  22-?5  G«  . dark 

SOtiD 

V.  comma 

T5™cCo  ap.BP,  jS  C,y 
0,ij;6  !?;m<,  NaCl 


>89ii.  do 

?657  d, 

>658  d. 

No  impaired  viability 
20  h. 

No  impaired  vitality  lOh 

" 7 d. 


Lai 

It 


No  " 

10  h. 

1 out  of  100,000  surviv 
2l| -Jj-R  h.  after  innoc. 
Into  blood  or  serum. 
Innoc,  blood  or  ap;ar 
dult. , Viable  mos. 

12^ 

k7% 

k>7% 

3 d. 

6-7  d. 

Innoc  1,483, OOO/cCp  R^" 
cov,  62,4I|p/cc  after 

24  h. 

Viable.  path.  5 wl<3. 

2)^.  h. 

4 d. 

11  d. 

26  d, 

24  h. 

Innoc,  J|0,00'Voc,  Re- 
no v 0,1  mo. 

Innoc,  )|0,000/cc,  Re- 

cov„  0,  4o  d. 

Survived  3 d. 

InnoCo  390,00n/cc,  Re- 
cov,  0,  24  h, 

JjR  h„ 

>108  d. 

>108  d, 

21  d, 

16  d „ 


MaePpyden 

N 

It 
II 


1921 

1899 

1900 


Otten 

1930 

II 

Proom 

II 

l'^49 

n 

11 

Read 

1939 

Rank 

1893 

II 

Skidmore 

Tohyama 

1932 

1925 

ft 

II 

11 

Tohyarr.a 

1930 

II 

II 

It 

Tohyama 

II 

1930 

II 

n 

lifAias 

II 

1894 

Many  invol,  forma. 


Elsler  ■ 1909 


TABLE  .jCjl^'THE  SURVIVAL  OP  VIBRIO  SPECIES  IN  CULTURE 


Faotor(s) 

Survival 

Reference 

SOLID,  CONT. 

V.  comma 

10  ooo  agar,  38  C«,  plua 

,ij.6  gn.  NaCl  % .05  Ca(Ni 

1).  Disperaed  invol.  form 

j.Eisler  1909 

.ii  rm.  NaCl  '^e  .1  Gm. 

> *• 

Ca(N0Ji 

Normal 

II 

0,1  gm,  LlCi 

Many  invol.  forms. 

It 

0.1  g,  LlCl  % ,05  g. 

Ca(N03,j. 

Maiy  normal,  some  invol 

II 

1 

.05  g.  Mg(N0J. 

Invol.  A:  normal 

II 

.05  g.  Mg(NW,  <e  Ig.  Nad 

Many  normal,  few  invol. 

II 

Thloi,  26  C,,PH  6.8 

At  least  150  d. , Max. 

growth  4 d. 

Huddleaon  1949 

Beef  peptone  gelatine  cu 

Lt. 

-12.5  C„,  indoors 

Lived  2 wks.  after. 

Kaaanky  1895 

-31.8  C^,  outdoors 

Lived  20  d. 

ff 

-30  %o  -31.8  C„ 

Viable  111^.  d. 

II 

Gelatine  cult.,  102  d.ol 

i. 

Dried  in  air 

2 d. 

Kltasato  1689 

ti  « 

30  h. 

II 

Dried  in  exlcator 

5 d. 

n 

M II 

i|.0  h. 

II 

Gelatine  cult.  12  d.  old 

, 

dried  in  air 

3 d. 

It 

dried  in  exicator 

3 d. 

« 

Gelatine  cult.  ij.  d.  old. 

dried  in  air 

I|.  d. 

II 

dried  in  exicator 

5 d. 

II 

Agar  cult.  20-22  C.,  li|. 

tnoa.  old,  10  d.  in  in- 

cubator.  Dried  in  air 

i;  d. 

It 

" "Dried  in  exlcato 

? 7 d. 

II 

Agar  cult.  20-22  C,  50  d 

old,  12  d.  in  Incub. 

dried  in  dir 

4 d. 

II 

dried  in  exicator 

11  d. 

ft 

Agar  cult.  20-22  C,,  9 d 

9 

old,.  Id.  in  incub. 

dried  in  air 

4 d. 

It 

dried  in  exicator 

9 d. 

«l 

Agar  cult.  20-22  C.,  Id 

» 

old.  , ].  d.  in  incub. 

dried  in  air 

3 d. 

II 

dried  in  exicator 

11  d. 

II 

Potato  cult,  17  d,  old. 

8 d.  in  incubi 

air  dried 

2 d. 

II 

dried  in  exicator 

5 d. 

II 

Potato  cult,  8 d»  old. 

8 d.  in  lnc\jb. 

air  dried 

4 d. 

If 

dried  in  exicator 

5 d. 

II 

TABLE  (?  THE  SURVIVAL  OP  VIBRIO  iPEOIES  .m 


Paotor(s ) 


Survival 


Reference 


SOLID,  CONT 
V.;  cop>a  , 

Gelatine  agar,  liquid 
air,  -1.90  C, 

* Asrar  slant 

mmr 

V>  comma 

Stock  1 ab <,  cult.,,  R.T., 
sealed 
-40  P. 

45  P« » thawed  and  held 

61-105  d. 

-5.5to  “8  C. 

( Bombay  str. ) 

- (Hog  cholera) 

20  Co  exposed  to  dpolar- 
ized  light 

24  0.,  liixp.  to  unpolar. 
light 

105  C. 

110  C. 

Dark,  R.T, 

-21  C. 

-15  0 ' 

37  C/ 

stored  at  37  0, 

Lives  more  than  1 mo,  whei|i 
and  repeated  freezing  % 
on  vltjility. 


Ho  impaired  vitality  ?d 
42  d.  . . 


MacFgyden  1900 
Tohyama  1925 


Failed  to  show  growth 
after  12-18  yrs. 

425  d. 

Lasting  immunity  when 
used  with  hog  cholera 
antisera 
Recov,  0,  10  d. 

> ?24  d. 

7657  d.  ^ 

Innoc.  1/100,000  diln. 

Recov.  121,  13.  hrs. 
Innoc  1/100,00  diln., 
Recov.  17,  30  h. 

Living 

Dead 

1,044  d. 

1 mo. 

>1  mo. 

dead  at  2 yrs. 

0^  stirvive  after  4 yrs. 
lowest  temp, is  -32.5  C. 
thawing  has  not  Infludne 


Ahuja 

Cole 


1935 

1951 


Plnkelburg  1901 
Lai  1921 

It 


1926 

1923 


Lai 

It 


Ra^schewskll901 


Rhodes 

Stamp 


Vuknow 


1950 

1947 


1893 


f 


TABLE  the  STTRVIVAL  OF  VIRUSES  IN  CULTURE 


Pflctor(s) 


Survival 


Reference 


DRIED,  GENERAL 
Allantoid 

Dried  ppt.  «t  0^ 
Aphteuse 

Dried  ’c  left  at  37  C, 
Herpes  febrllls 

Ice  box  dried  in  vacuum 
over  H^SOa  with  reduced 
press.,  -5  Co,  RflCov.  iiji 
Lockes  s jIp. 

Horpetique 

Dried  4 loft  ot  37  G. 

Hoof  k Kouth 

Dried  with  O.J)  /;%  ® 

70  Go  in  vacuo 
Lymph,  1?.P.  C.,  dried  witli 
0.5  g«  P<i05*  in  vpcuo. 
Droled  lym^  of  G.P.,  52  (' 
in  atm.  of  P«0c. 

" " ^ R.T. 

Influenza  (Nel'-'ourne  str.  ) 
Dried  talc 
Polio, (Avoonk  str.) 

Heat  30  min.  50  <'• 

" ” 52.5  C. 

Smallpox 

37  b.»  <3ried 
4-6  0, , dried 
Toba- CO  mosaic 
Dessicated 

Vaccinia  (testlculwr  str. ) 
Dried,  4 0. 

Dried 

DRiEb7  TOWlLim 

Foot  ^ mouth 

Dried  in  vacuo  refrl"o 
Herpes 

0,5  fresh  brain  emuls. 
with  Lockes  soln. 
Influenza 

Lyophilized 
Infusiori  brotVi,  ralibit 
testis,  -7fi 
Meuse  lunj’:,  10^  plain 
broth,  -7^  C. 
Larynfuotracheitis  (fowl) 
iyophil. V stored  4 
Lympho'’’ramiloTria  i npiiinale 
Infusion  broth,  raCUT^ 
testes,  -78  C, 
Lymnhooytic  nhoriomeninfilti 


6 mo  . . 

Fasqi  elle 

1950 

2 yrs. 

>1  yr. 

Hawkins 

2 mo. 

Xasquelle 

1950 

Sichert-Modro',' 

2-^  h>-*3. 

j 

1930 

3 min. 

tl 

S^lll  infectious,  ll)  h. 

rt 

10  d. 

II 

30  nin. 

Parker 

1944 

Remained  infective 

Shaughness 

yi930 

Non-infoctlve 

tt 

80  d. 

Hornlbrook 

1951 

24  h. 

It 

many  yrs. 

1 

Stakman 

1942 

12-18  moso 

Noguchi 

1918 

229  d. 

Paschen 

1908 

93  d. 

Leplne 

1937 

4 wks. 

Rivers 

1927 

Infect,  for  ferret  14  me 

s. Horsfall 

3 yrs. 

Turner 

-1939 

6 moSo 

Turn;>r 

1938 

3 yrs. 

Hoi'f  stadt 

1946 

10  mos. 

Turner 

1939 

378  d. 

Wooley 

1939 

Frozen,  drior^,  5 tJ. 


TABLE  ^ i t>"THE  SURVIVAL  OP  VIRUSES  IN  OULTURB 


Faotor(fl) 

Survival 

Reference 

DRIED,  LYOPRILIZED  (cont«d) 
Uenliisonneuinonltls 

inTusion  broth,  rabbit 
testes,  -780 
St.  Louis  encephalitis 
Frozen,  dried,  50 
Vaccinia 

Frozen,  dried 
Lockes  soln.,  -185C 
Frozen  & thawed  22X 
Lyophll  apparatus  appears 
maintaining  the  vlablllt 
continuous  animal  passap: 

3 yrs. 

833  d. 

mos. 

No  reaction,  rabbit  akin 
to  be  Ttseful  also  In 
i of  virus  strains  wlthou 
(10  mos. ) 

Turner 

Wooley 

N 

Rivera 

Flosdorf 

1939 

1939 

II 

1927 

Coxsackle 

&usp.,  53-550 

30  min. 

Robinson 

1950 

" pH  2.3-9. If 

1 d. 

N 

n 

•*  pH  4.8 

7 d. 

n 

n 

Enteritis 

P0«  buffer,  pH  7 
1/1,000  dll. 
1/10,000  dll. 
1/100,000  dll. 

<20  d. 

Oallo 

1948 

Killed  75y^  of  mice 

II 

II 

e 25^  H « 

It 

It 

None  killed 

n 

It 

Eaulne  aneephalltis 

Acidic  saline  with  agi- 
tation, bubbling, 
gases  % shaking,  pH 
0.4 

Rapidly  inactivated 

KcLlmans 

1947 

Foot  k mouth 

OP  blood  i7C,  nitrated 

4.9  d. 

Brooks by 

1948 

n n n deflbrin- 

ate 

2.1  d. 

H 

It 

N/45  buff.  FOm  soln.,  00 
pH  7.6,  purified 

Inoc.  dll.  1/100,000 
Recov.  dll.  1/100,  97  d. 

Qalloway 

1936 

pH  7.6,  unpurified 

Inoo.  dll.  1/100,000 
Recov.  dll.  1/1,000, 
126  d. 

If 

It 

Saline,  370 

24  hrs. 

Levine 

1937 

50^  fi;lyoerlne 

174  d. 

n 

OP  lymph.,  pH  7.5  In 
POy  buffer. 

Still  infectious,  2 yrs. 
20  d. 

Sichert-Modrow 

Ammonia  brine,  repeated 

Did  not  destroy,  124 

Stockman 

1930 

1926 

freezing 

Fresh  OP  lymph,  2-70 

Retained  virulence  I90  d 

II 

II 

Herpes 

20^  susp.  of  Infected 
rabbit  brain  in  buff, 
physiol,  saline,  370 

M « « 4i.5c 

100  hrs. 

Bo  ale 

1940 

70-80  hrs.  (Prank  atr.) 

It 

II 

« n ti  It 

30  hrs.  (Oo  str. ) 

n 

II 

Fresh  normal  rabbit 

serum  with  UV  radietio 

\ 10  min. 

Gundersen 

1932 

Tissue  cult.,  )|.0.2C 

Did  not  survive 

Thompson 

1942 

TABLE  0 ^ THE  SURVIVAL  OF  VIRUSES  IN  CULTURE 


Pact  07.' (a) 


liquid,  (COKT.) 

Influenga 

Single  heat,  chorio- 
allantoic fluid,  (PR  8 
unadapted)  60  C« 

Single  heat,  chorio- 
allantoic fluid,  (PR  8 
Heat  adapted)  oO  C. 

" " ’•  56  C. 

House  brain  snap,  with 
rabbit  aerum,  -20  to  -30 
(A  *4  D) 

Saline  ^ horse  serum 

M It  If  ,.*»  1 n 


Survival 


Ref e ranee 


<5  ndn. 


<5  min. 

>l[$  to  <60  mini 


” " "pH  3.05 

" " " ^ 

It  It  It  It  j 99 

It  It  It  It  (* 

It  II  It  It 

« « " " A.C;8 

It  n II  II 

H It  It  II 

II  II  II  « 

with  .001  i:.  oleic  acid^ 
Soft  glycerine 
Joparese  B.  encephalitis 
House  V>ralh  ausp,'  wi'th 
ra5.ibit  sorum,  -20  to  -30  ( 
Lymphopiranuloma  i np;p  jraln 
Aqueous  suap. 

Measles 

50J5  gl  y c er ine 
Humps 

Mo US e brain  susp.  with 
rabbit  serum,  -20  to 
-30  C. 

rthr>T»^r)-«n  crrholp  flulcl, 

4 C.,  pH  6.5-7' 

Chorio- allantoic  fluid, 

4 C.,  pH  nbovo  7.9 
Chorio-allnntoic  fluid, 

1|.  0.,  pH  5.B-8 
Ponicillln  k streptomycin 
Chorio-allantolc  fluid, 

37.5  C. 

Myxoma 

Tissue  cult.,  J|2.2  C, 
Neurotropy 

J'ouse  Drain  susp.  with  1 
rabbit  sorum,  -20  to  -30CJ 
Meycastle 

50^  glycerine,  R.T.,  pll  7. 

•I  II  H n 


< 6 wos . 

1 h. 

1-20  h. 

ij.n  h. 

h. 

>72  h. 
72  h. 

72  h. 

1 h. 

90  I'iin. 
3-4  wks. 


. 6 inos. 

IjO  hrs. 


3 moo. 


^ 6 mos. 

Most  stable 
Rapidly  killed 


99^  inact.,  4 wks, 
l'!o  inact.  effect  14~28 

Greatest  & most  rapid 
increase,  7 d. 

Did  not  survive 


9 mos. 


95  d. 

3^3  d. 


Jones 


Olitsky  194 V 


Stock 

n 


Wilson  1919 

Olitsky  1949 
Latarjet  1951 
VanRou^tn  1940 


Olitsky 

Weil 


1949 

1948 


Thompson  1942 


Olitsky  1949 

Prior  1950 

Prier  19'?0 


1 


TABLE  C 2 i 


THE  SURVIVAL  OP  VIRUSES  IN  CULTURE 


» 


Pactor(a) 


LIQUID, (CONT.) 

Noguohl  Stp.  fVaoclnla) 
Tissue  cult.,  45.1  C. 
Poliomyelitis 
oiyoerol 

Spinal  cord  In  $0^  fily- 
oerol,  4 C. 

Olyoerol  (M.A.  atr.) 

0,5^  pbenol 
Piltered,  3?  C. 

-2  to  -1|.  0# 

4 0. 

k^-^0  c. 

50%  glycerol 
" '*  -15  c. 

Aqueous  auap. 

Physiol,  saline,  li5-60  C. 
30  min. 


50:t  glycerol 

100  % glycerol,  I8  C. 

1st  passage. 

50%  glycerol,  31*^  pass. 
$0%  glycerine 
Psittacosis 
Beef  saline 
Rabies 

SraTn  susp.  in  glycerine 
in  disintegrator  1 h. 
Susp.  brain,  liquid  air 
Buffer  soln.,  glycerol 
Aqueous  susp. 

Undil.  neutral  glycerol, 
R.T. 

Liquid  air,  -lB5  U. 
Neutral  glycerol,  rf*frlg. 
Aqueous  susp,,  5^1-56  C. 

’’  " aub-free?.lng. 

Streptohad  Hub  virus 
Bouillon,  lOrt  C.,  i|.8  h. 
cult.,  1-100  dll. 

(Str.  # 1776) 

Vaccinia 

Olycerlne  ausp,  (2862fl, 
rabbit  testicular) 
Chorlo-allantolc  nemb. 
Glycerine,  mouse  brain, 
water 

Glycerine,  mouse  braJn, 
water,  freej'.o-dry  temp. 
Glycerine,  mouse  brain, 
refrig.  temp. 


Survival 

Reference 

4 4 <1. 

Thompson 

1942 

6 yrs. 

Plexner 

1917 

>25  mos. 

» 

1914 

>11  mos. 

II 

7I4  d. 

It 

20  d. 

II 

1910 

il.0  d. 

II 

50  d. 

It 

Killed  after  30  min. 

It 

>7  d. 

It 

2 yrs. 

II 

10  d. 

Later jet 

1951 

Becomea  inretivated.  Tl 

e 

more  dil.  the  ausp.  the 

less  heat  is  req.  to 

inactivate. 

II 

8 yrs. 

Rhoads 

1929 

Viable  59  d. 

Romer 

1910 

14-31  d. 

It 

Some  mos. 

Wilson 

1919 

29  d. 

Rivers 

1948 

47  d. 

Barrat 

1904 

Still  virulent  2Jj.  h. 

II 

15-17  wks. 

Gry  c z 

1949 

JjO  hro. 

Latar jet 

1951 

Several  wks. 

Rivers 

1948 

3 mos. 

MePayden 

1900 

Se\eral  mos. 

Rivers 

1946 

1 h.  or  less 

II 

1 or  more  yrs. 

It 

No  growth 

B ingel 

1947 

33  d.  fc  6 hrs.  after 

6lst  transfer 

Armstrong 

1929 

8 hrs. 

5uchbincler 

1941 

Inoc.  .05  cc  of  1:100 
dil.,  Recov.  after  24th 

passage,  10  mos. 

Haagen 

1939 

1 yr.  9 mos. 

II 

Avirulent  1 yr. 

II 

't 


I' 

£ 


I 

I 


TABLE  C ^->THE  SURVIVAL  OP  VIRUSES  IN  CULTURE 


Pactor(s) 


LIQUID,  CONT. 

Vaccinia 

Chorion  8s  1 drop  calf 
lymph.  Ref rig.  temp. 
(Str.  3»  Breslnu) 

(Str.  ij.,  Dresden) 
Allantois  of  chick  embry(^ 
low  teinp..  Present  in 
f^lycarlne,  Rlnpers  soli 
from  1933-49 
Pure  pilycorol,  iB  8. 

« " 37  8. 

Ringers  soln.  with  .^4 
and  phenol  and  water 
Physiol  saline,  -13  C. 


Tie  sue  cult.,  C, 

Liquid  air 
Variola 

Spline  soln.,  35  U. 
Yellow  fever 

I'hysiol.  saline 
Aqueous  susp. 

Glycerol 


miF 

Foot  8;  mouth 

Congealed  state 
Vocolnla 

Levlnthal,  blood  agar, 
-13  C. 


Survival 


2 yrs. 

It 


(Capable  of  multlpllcatlcj 
and  still  pathogenic 
after  15  yrs. 

5 d. 

24  h. 

Still  active  1 yr. 

7,4/^  showed  count  over 
30,000  after  4 yrs. 

4l  % after  10  yrs. 

1^  min. 

30  min. 

Better  than  dist.  water 
10  d. 

B mos. 


Reference 


Haa,gen 

It 

n 

Lehmann 


1939 


1949 


Noguchi  191^ 


Schartnor 

Thompson 

White 

Gordon 

Bauer 
Latar jet 
Rivers 


1939 
1942 
1901 

1925 

1940 
1951 


162  d. 


Recov.  11^  after  4 yrs. 
^B.3/0  after  10  yrs. 


Leplno 


1937 


Schnrtner  1939 


Colorado  tick  fever 
Ice  compartTnent 
Cow  pox 

Culture , -70  C, 

” -130  0. 

Dengue 

St.ogomya,  22  C. 

" 16.5  8. 

" 22.5  C. 

Encephalitis 

40  C . , pi!  8.4  (St.  Loulsj) 

pH  3-.5-11*5  (Equine) 

pH  7.5-9*5»  (Equine) 

20?^  saline  with  10  cc 
dofibrin.  raonit  olooa  j 
temp  29«4"32  C,, 
humidity  (Jap.  B.) 


3i  yr 


3 . 


<.108  h. 

-^20  h. 

Ug  to  85  d. 
Un  to  174  d. 


Rivers 

Pictet 

It 


Blanc 

It 


1.  j ..  %. 

nxgri 


Still  vir-ble  3 wks. 

Greatest  stability  aftei 
1 h. 

Greatest  stnbi’lty  " 

1 wk. 

Transmission  of^currod  bj| 
oiue  of  Guxox  spp.  mosq 
in  0 a following 
blood  meal  I'Hammon 


1948 

1884 

1929 


Duffy  1946 

Pinkelsteinl938 


1949 


C 2.^  THE  :iUPvVlVAL  OP  VIRUSES  IN  CULTURE 


Factor ( a ) 


SENERAL 

Encephalitis 
~ -20  C o , glass  tirios 

(Jap  D. ) 

"20  C.  , ooi'ked  tuboii 
(Jap  Ba ) 


1000  fold  loss 

Filtered,  j^6  C (St>-  Loii.l|i)30  min 
pH  8.14.^^808  (St,.  Loiila) 
pH  7-10  (Jap  >1) 

Suap.  70  p ..  (''i.:s1.  tiquli 
Piltratca,,  60  0,. 

Fowl  plap;ue 
pH  6-99 
Foot  Tiouth 


n It 


Ouinea  pli'  v.- air  la  fluid 
H.,To 

Herpes  aimplex 
“76  (i 0 
Influenza 

10^  normal  horoe  aerum, 
shaken  2U  h.(  PR8  Sir.) 

10)iJ  normal  monkoy  aeruni, 
shaken  2I4  li.  (Prench 
nourotro  n ' (' ) 


Tissue 

CUlllll-’O  , 

Bo 

00 

It 

II 

55 

Oo 

II 

II 

50 

C„ 

Tissue 

cul ture. 

Viont 

adapted. 

60  c. 

It 

ff 

55  c„ 

!f 

II 

50  c„ 

AfL.ir  , 

H torap-.e. 

(PR 

8) 

29  I' 

.5 

ff 

n 

37 

•'1 

«i 

ff 

41 

c . 

IjO  C,  (Inf.  A) 

RoTo 

O-I4O  C„ 

Inclusion  c. on .|unct1  vlt.la 
Rfifrlfteratiid 

.Looping;  111 

Mouse  brelnv  BO  G„ 


ri 

ff 


Bo  n.. 

r'/ 


Survival 


12  inoso 


3 wkso 

Inort...  rapidly 
) 10  min. 

L 0 rn  i n , 

R„np;o  of  atooility 


Rofprence 


LyniphograriuioT:  c--  y-;. 


iUUi 

■frc.. 

U6  C. 

70 


'•■n  d 


3 0 110s  o 

> 1 


Hold  tit.;r  better  tlian 
0.2/i  bovine  albumin 
Hold  titor  better  than 
0-2'J^  bovi  no  albumin  di 


0-30  mluy  <J|^  rnln  . 
>120  min,  <i  l80  min. 

riln,  <7  I'  iiio 
ralii,  ■^60  mine 
olOO  itiin,, 

Un.'idaptnd  26  d», 
h(i<it  adapted  lyp  d.. 

Unadnptod  lO  d.. , 
heat  nd.'i)  tod  22  d,. 

Un' dai)t()d  8 do^ 
heat  n<l.-‘ptod  ll|  d . 

2~3  mo  a ,. 

6 wlc;; 

1 wk. 

3ov,  day.') 

30  R(!C, 

2 mi;n 

10  m ill 

2 -I,  d, 

10  !'l|i, 

> i ' r 


Molnick 

1946 

Melriick 

Rivers 

ti 

1946 

1949 

River. s 

«i 

1948 

ti 

P>1 

1^.'39 

AHonymous 

- 

Rivers 

1948 

Dick 

1949 

n 

A 

Jo^es 

1945 

« 

II 

n 


ti 

fi 

Rivers 

Scherp 

II 

Rivoi’S 

11 

It 

It 

11 

II 

n 


1948 

1938 


1949 


TABLE  the  SURVIVAL  OP  VIRUSES  IN  CULTURE 


Factor (3 ) 

Survival 

Reference 

GENERAL 
■ Mumps 

1948 

-JO  0.. 

10-reoSo 

Rivers 

■.  Measles 

~7T'to  -35  0. 

4.  wks . 

Rivers 

1948 

Freezing 

25  hr.'u 

Van  Eooyen  I940 

Newcastle 

pH  5o5"^.5 

- 

Elford 

1948 

Incubo  37  Co,-  undll . 

1951 

airiniotic  fluid 

Viublo  126  u„ 

Olesiuk 

Papilloma 

1938 

Neutral  to  pll  I;,..?? 

Least  loss  of  activity. 

Beard 

i^aakly 

Gradual  loss  of  aotiv. 

M 

On  acid  side  of'  pH  7 the 
)iig'h  until  ' t pH  betwi'0] 
suddenly.  At  pH  10-1  t< 
observed..  (Shopc  virus) 

virus  activity  roinnlns 
1 2,9  ^ 3.^3  It  is  lost 
) 10,2  imnodiate  innetiv. 

b'yekoff 

1937 

Poliomyelitis 

(Arm.strorig  mouse  ndaptec 

1941 

More  ■■'ffectlve  when  aua- 

i)  Hammon 

pended  in  low  pi'T  - 
Infectivo  a'"tcr  heating 

at  55*50  c. 

1 

Howltt 

1930 

Errulslon  of  homoceloa  of 
flies  ^ cockronchoa 

Produced  i)araly.sls  in 
mice  In  12  b 15  cu 
rodpoctively . 

Hurl  but 

1950 

t 3B..5  C,  , 2B00  -3100  A - 

Complete  destruction 
1 -30  min. 

Jungleblut 

1937 

Berkofcld  filtory  3^  C, 

7 d. 

Landsteinorl910 

35  c. 

2 hx*i! .. 

Lelner 

1910 

37  c„ 

21  d„ 

Levadlti 

1913 

^70  to  -P.O  C, 

Up  loss  in  Infoctlvity 
I2  m',)s.. 

Melnick 

1946 

With  E,.  histolytica 

Betties  out 

Young 

1949 

50  C„ 

3 min. 

Shaughness 

yl9^0 

Psoudolymphocy tic  chorlo 
moninp;  itia 

Moxiae  brain,  5o  C„ 

30  mln„ 

Rivers 

1948 

Psittacosis 

Broth,  [|.0  C„ 

Several  wks,. 

R1 vess 

1948 

10  G„ 

V 2 yr.s  . 

1 

Rabi&,g 

Fnts  *'■  lipid.j  extracted 
vaccine  with  variou,3  so! 

r orn  de  s s Ic  a t o: d rob  i e a 
Lvents  arid  injectod  into 

mice  fail  to  give  prote 
of  toxic  r'fl.sponoo  when 

:tlon  or  provoke  evidence 
^Iven  subdural  ly  or  Intra 

pBritonally . Whon  extr 
with  other,  the  vii’us  i 
yr»  amount  of  living  vi: 

1C ted  at  low  temp  (-65  C, 
3 not  destroyed.  After  1 
?us  hns  not  decreased. 

1 

Harris 

1948 

Rift  valley  fever  vii’us 

40  min. 

Light,  met,  blue 

Rivers 

1948 

Rinderpo.st  virus 

Leucocytes  ^ spleen  ii.  C, 

» 

Dried  % ppt,  with  acetor 

le  . 72  mas  0 J D^s 

1949 

THE  SURVIVAL  OP  VIRUSES  IN  CULTURE 


Factor (a ) 


GENERAL,  CONT. 

Rlnderpeat  virus 
~ iieucocytea  spleen  40  0, 
Dried  over  CaClAln  vacuo 
h ft  " " 37  C 

Semi ike  forest  virus 


Traalxoma 

■R^fiTpieriitu 

Vaccinia 

Ottena  tropic 

temp  and  R»H. 

Gaaes  at  4 0« 

Gases  at  37  C^ 

Pure  O^r  CO^,  l8 
Sonic  vibrations 
Yellow  fevor 

10%  N,  monkey  seriim 
shaken  24  h„ 

Dessicatedy  frozen 
Cold_'ylruB  filtrates. 

-76  (5,,  <^ry  Ice 

-^10  C. 

he. 


Survival 


^4  vioa« 

15  d„ 

1 h, 

1 wk„ 

L 

l8  yrs„ 

Retained  virulence  3wks 
Became  avirulent 
Destroyed  virus  complet 
>15  min,  partial  Inact 

Held  titer  better  than 
0,2%  bovine  alb,  dll, 
many  yrs, 

2 yrs. 

27  d. 

3 d. 


Reference 


TABLE 


C 


THE  SURVIVAL  OP  YEASTS,  MOLDS  AKD  FUNGI  IN  CULTURE 


Factor (s) 


DRI^,..  general 

•festinowycea 

Desalcated  ( wentii) 

’*■  (niger) 

” (oryzae)  ' 

Dried  (spp. ) 

Brewer  a 

Dried  with  plaster  parts 
'Sac^  yom  cea  pastorianus 
Diftuae  lifi'ht 
Yeaat,  app. 

^ Pore  resistant  in  dry  at 


drIEd,  LYOPHILIZED 
Ascomycetes 

Culture  suspendiid  in 
normal  horse  serum,  qui^ 
frozen,  dried  In  hi'-h 
vacuum  ^ seal*  d quickly 
Saccharomyces  coroviaiae 


Survival 


>1  yr. 

Wehmer 

1897 

3 yrs. 
>4  yrs. 
4^?5  yrs . 

II 

It 

Proom 

1'49 

10  nos . 

Pasteur 

1876 

< 3 yrs. 

Kayser 

1889 

e than  in  moist. 

Kayser 

1889 

Reference 


0,2$^  survival  rate 
k in  3 moso 


Bouillon  ^ beerwort,  exp 
10-15  min,  to  U.Vo 
Frozen  at  -2if-Co  ^ thawofe 

a5  25  C,' 

Yeasts,  app» 

Lybphilized  in  vacuo 
Lyophillged 


Atkin  ■ 


1949 


More  time  roq.  for 
p.elatlnlzed  media 

28:^  killed 

1 yr. 

2 yrs. 

Gilles 

Stille 

Dopter 

Wickerham 

1935 

1943 

1949 

1946 

! . 4 d. 

Bartetzko 

1910 

2 h. 

II 

34  d. 

Kadisch 

JQ3J 

>160  wks. 

Tanner 

1928 

5 wks 

ti 

18  wks. 

It 

>160  wks. 

ft 

14  wks. 

II 

58  wks. 

M 

>160  wks. 

« 

Of  25  sirs,,  15  P' taine 

i 

viability  lOj  yrs.,  9 
dead  in  yrs . 

Meissner 

1911 

3 yrs. 

Tanner 

1934 

-ll 

30  C 

0 . “13  tb 


Asperf^illus 

Nucrlett  media,  -6  to 
1%  pluoose,  -12  C„ 
Epidermophytes 

,65%  NaCl,  “20  to 
Saccharomyces 

Broth,  salt  soluo 
-15  C.  ( cero vlsiae ) 
Broth,  "13  to  "l5 
(elllpsoldeus ) 

Salt  solru,  -13  to  -15  C 
(elllpsoldeus ) 

Broth,  -13  to  "I5  C. 
(maxicans) 

Salt  soln»,  -13^0  -15  C. 
(maxicans ) 

Broth,  “I3  to  -15  G, 
(pastorianus ) 

Sait  soln,,  -13  to  -15  C|, 
(pastorianus ) 

Yeasts,  spp. 

X0%  sucrose 


Nutrient  broth  'c  fruit 
juices,  -23o3  C, 


PLATE  _ Tp:  ETJRyiVAL  OP  YEASTS-,  MOLDS  AKD  FUNGI  IN  CULTURE 


Pactor(a) 

Survival 

Reference 

SOLID 

Mu-cor 

* Potato  dext.  "agar,  7 C* 

59  used,  53  viable, 
2 yra,  8 mo a. 

Hess el  tine 

1947 

Nooardla 

SaEourauda  dext.  agar,R. 
Cov,  vith  mineral  oil. 

1 

. • 

20  moa . 

A.iello 

1951 

Phyeoitiyces 

i»otato  dext:  agar,  7 G. 

3 used,  3 viable, 
2 yra. , 8 mos. 

Heaaeltine' 19U7 

Peniclllluin 

i»otato  dext.  agar,  7 C. 
(spp.) 

3%  gelatin,  -10  to  -13  C 

2 yra. , 8 moa. 

It 

, 12  h. 

Lindner 

1915 

(glaucum) 

RhlrO'pus 

Potato  dext.  agar,  7 C. 

17  uaed,  13  viable 
2 yra, , 8 mos. 

Heaaeltine 

1^47 

Saccharomyces  cerevJaine 
Agar  alants,  -70  G. 

1-8  d. 

Karcher 

1931 

Sync ephal a a t rum 

Potato  dext.  agar,  7 

2 used,  2 viable, 
2 yra.  B mos,. 

Heaaeltine 

1947 

Trlchodemia 

Potato  dext.  agar,  7 

' 7 7 viable 

Yeaat,  spp. 

2 yrs,  8 mos. 
...Rapid  growth.  5 do 

n 

1 

Haines 

SENEGAL 

Asperglllua 

Dark,  lab.  temp, (flavus)  ■ 

B y,ri.. 

McCrae 

1923 

" " ( f umigatua ) 

10  yrs . 

n 

" " (glaucua) 

16  yra. 

Mold.  spp. 

Dgrk,  lab.  temp. ( spores) 

20  yra . 

« 

Below  freezing 

Very  few  living,  16  mon 

Tanner 

1931 

Saocharomyoes 

Subfreezing  temp,  Sucrps 
rone. pH  3*6-3. 

j 

^ Retards  destruct ion 

McParlane 

1940 

Streptothr ix 

b.20  d.. 

Lai 

1921 

Yeasts,  spp. 

Incubator,  28  C, 

< 3 yra. 

Kayser 

1889 

Sub-freezing,  -9.9  C.  in 
agar  slant 

>1  yr. 

Smart 

1935 

t 

Pound  in  frozen  fruits, 
15  P. 

After  3 yra. 

n 

-15  c. 

l60  wka. 

Tanner 

1926 

YeapJftj;  spp. 
Agar,  37  C, 

5 mos. 

Elbarson  ' 

1920 
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B.  anthraols 
Oats 

WSS5JI51CSS 


Present 


MoFajttfean  l89^ 


B»  anthraols 
Itoota  of  corn 
Plants,  lima  bean 

prtJits 

B.  myooldea 
Prulta,  -5P 


50  d. 

Reoov.  6~11  d» 


Resisted  -5  and  15P 
better  than  higher 
temp. 


Beranek 

Russell 


Campbell 


1948 

2321 


1932 


TABLE  fjU  the  SURVIVAL  OP  BRUCELLA  SPECIES  IN  POOD 


Faotor(a) 

Survival 

Reference 

TiSS: 

Bp.  abortus 

Bovine  strain  8 d. 

Carpenter 

1928 

w w 

Bovine  & human  strain  10 
days 

m 

H 

Sour  Bilk 

5 d. 

Honda 

1938 

Milk,  home  pasteurized 

Inoc: 100, 000/ml;  5-lOmln 

Huddleson 

1949 

Raw  milk 

— 

Jonas 

1943 

Raw  ore am 

teoov:  11  out  of  13 

Pulllnger 

1935 

Sterilized  and  raw  milk 

Some  after  50  min.  recov 

Seelemann 

1938 

Milk,  145P 

30  nln. 

Smith 

1932 

* flash  pasteurization 

Org.  survived 

« 

« 

Milk,  4-8c,  18-19C,  22-24 

Inoo:0.5  cc  milk,  1-7  d. 

Stookmayer 

1935 

Milk  'f0.25jb  Borlo  acid. 

<1  m n n 

H 

m 

I4.-8C,  18-190,  22-240 

Milk^O.55^  Boric  acid, 

• n m m 

m 

m 

4-8c,  18-190,  22-240 

Mllk^lji  Boric  acid,  4“SC, 

m HU  n 

n 

« 

18-19C,  22-240 

Milk*t-25^  Borlo  add,  4“QC, 

« n « « 

H 

n 

18-190,  22-240 

Milk,  R.  T. 

3-4  d. 

Van  Drlmmelen 

1948 

Br.  melltensls 

beep's  milk,  16C,  pH  6.8- 

22-40  d. 

Versllova 

1937 

6.0 

Sheep's  milk,  16C,  pH  4*5 

30  d. 

tt 

M 

Milk,  370 

Few  days 

M 

H 

Br.  suls 

Milk,  62c,  open  coll 

4 min. 

Murray 

1932 

pasteurizer 

Milk  foam  In  outlet.  630 

30  • 

H 

« 

DAIRY  PRODUCTS 
Br.  abortus 

Butter,  8c 

81-32  d. 

Carpenter 

1928 

" 46p 

142  d. 

H 

n 

Cheese 

60  d. 

Daklberg 

1946 

Butter,  8C 

Inoc tart If leal; 32-142  d. 

Fitch 

1933 

Ice  cream 

Present 

n 

H 

Cheese 

Few  days 

Pulllnger 

1935 

Ice  cream,  30P 

1 mo. 

Thompson 

1933 

Roquefort  cheese 

2 mo. 

m 

H 

Cheese 

2 " 

Vollle 

1931 

Ice  cream,  -23*20 

7 yr. 

Wallace 

1938 

Butter  and  cheese 

Few  days 

T & V 

1946 

Br.  melltensls 

Goat  cheese 

Present 

Eyre 

Cheese 

Most  common 

Fabian 

1947 

Cheese  of  Infected  goat 

6-20  d. 

Peres 

1936 

milk 

38  d.-l  yr. 

Cheese  from  unpasteurlzed 

Stiles 

1945 

goat  milk 

45  d. 

Brynza  cheese,  11-140 

Versllova 

1937 

TABLE  (eont'd)  THE  SURVIVAL  OP  BRUCELLA  SPECIES  IN  POOD 


Paetor(8)  I Survival  I Referenca 


DAIRY  PRODUCTS  (oont»d) 
Br.  mail tens la 

loa  oreaa,  -23. 2C 

5 yr. 

Wallace 

1938 

a N 

30  mo. 

« 

fl 

Br.  sula 

loe  oreanif  -23. 2C 

l|.  yr. 

m 

m 

loa  oraam 

30  no.  4. 

m 

e 

Br.  (spu.) 

l9la^ 

Butter  from  Infected  cow. 

k no. 

Bryan 

salted  and  unaalted 

Cheaae,  I4..I4.C 

Inoc : 1 , 000/ml  ;>6  mo . <lyr 

Gilman 

1946 

Cheddar  cheese 

Inoo:700-800/ml;>3  no. 
<1  yr. 

« 

" • , 1.1-2.7C 

>kl  d.-84  d. 

ft 

« 

Cheese 

Acidity  decreases  viabil 
Ity  of  ora. 

•Lerche 

1931 

TABLE  /Td 


THE  SURVIVAL  OF  CLOSTRIDIUM  SPECIES  IN  FOOD 


Faotor( a) 


Stxrvlval 


Reference 


Cl>  boti^inum 

Cooked  neat  and  fish 
Canned  salmoni  beef,  sar- 
dines, olam  Juice,  duck 
Cl»  Bporogenes 
Putrid  neat,  $0C 
Spore  fonnlmt  anaerobes 
Roast  beef,  canned  In  1824 
Tripe,  canned  i860 

%dffS4i.h 

Cooked  neat  and  fish 


Spores  present 

M fl 


No  growth  In  9 d. 

3 strains  viable 
Not  found 


Editorial 

«i 


Haines 


fllson 

<• 


1926 

n 


1944 

1938 

n 


19W 

If 


Cl.  tetani 
Wrlous  vegetables 
Cl«  botxilinum 

Home  canned  string  beans, 
com,  asparagus,  spinach, 
plnento,  pickles 
Vegetables  grown  In  contam- 
inated soil 

Peas,  string  beans,  corn, 
and  spinach;  10-12C,  19** 
21C,  and  24-26C 
Peas,  lOF 


Present 


Spores  present 


Present 


Dubovsky 

Editorial 


Parry 

Starln 


Peas,  frozen,  42F,  pH  $,6- 
6«b 

Peas,  frozen,  50F 
Peas,  frozen,  60F,  pH  4*8- 
6.7 

Peas,  frozen,  60F,  pH  4*8** 

6.2 

Peas,  frozen,  80F,  pH  4*3** 

6.0 

Vegetables,  -16C 

« « 

" lOOC 

" 105c 

* HOC 

Spore  formlim  any  robes 
Carrots,  canned  1885 
Cl.  Cspp.) 

Cans  of  spinach 


7o  toxin  was  produced 
tdien  containers  were 
defrosted  and  immediate 
ly  examined  or  when  stc 
In  ice  box  3 d. 

Inoc.l00,000,000;Recov.0j 
<7  d, 

Inoo:conc;Recov.O; >7  d. 

>3  d. 

>6  d. 

Inoc:conc;>2  d. 

^2  yr. 

L4  mo. 

W-80  min. 

30-70  " 

10-20  " 

Not  found 

Inoc:800,000;50J^  of  the 
org.  died  In  18  hr. 


Straka 


Straka 


Tanner 

¥elas 


Wilson 

Koser 


(cont»d)  THE  SURVIVAIi  OP  CLOSTRIDIUM  SPECIES  IN  POOD 


Faotopis 


Cl.  apor Off ones 


01.  botullnun 

Various  foods,  35C,  artl 
flclally  oontamlnated 
Variety  of  foods,  -16C 
Aold  foods,  lOOC 

" • 105c 

* " HOC 

Various  types  of  food 


- I Reoov: certain  toxln;l  yr iSchoenholz  1923 


1 yr. 

50  min. 
30  « 

15  " 


fallace 

felss 


1933 

1921 


1946 


TABLE  THE  SURVIVAL  OP  ESCHERICHIA  COLI  IN  POOD 

ALSO  FARAGOLOBACTRUM  & AEROBACTER 


Paotop(a) 

Survival 

Reference 

TJlEg 

E.  ooll 

Creanii  30$S  butter  fatt 

Reduction  61%  In  3 hr. 

Hilliard 

1915 

freezing  at  -15C 

Milk  dll.,  frozen 

Less  dll.  the  larger  the 
survival 

Keith 

1913 

Milk,  -21  to  -78c 

Inoo.  100,000/nl.,  more 
resistant  to  freezing 
than  thawing 

Lund 

" pH  4.2 

Growth  checked 

Palladlna 

1935 

" plus  S%  NaCl,  pH4.6 

24  hr. 

It 

m 

Skin  nllk  or  cream.  20 C 

Well 

Roblnton 

Milk curds 

48-96  hr. 

Bhot 

1949 

Cheese 

12  mo. 

Crossley 

1942 

Margarine 

Isolated  from  8% 

Foltz 

1951 

Ice  cream 

In  90^  of  samples 

Hurgla 

- 

Butter  and  margarine. 

Check  growth 

Palladlna 

1935 

rapid  develop,  of  acid- 
ity and  prompt  salting 

1938 

Butter,  14P 

6 wk. 

Rice 

" 60P 

Did  not  mult,  but  sur- 
vived long 

fl 

If 

5J33 
E.  coll 

frozen  eggs 

Recov.  505^  colonies  ex- 
amined were  collform 

Collen 

1942 

" " , -9C 

14  no. 

Hartsell 

1951 

Egg  vhltes,  -15C 

Recov.  0,  3 mo. 

Johns 

1946 

Frozen  eggs  (thite) 
• * (yolk) 

••  <L0,  5 yr. 

Schnelter 

1943 

" 4000,  B yr. 

n 

m 

E.  coll 

Salt  fish  blocks,  5-60 

72  d. 

Frank 

1941 

Frozen  shrimp 

In  60^  of  all  samples 

Holmes 

1949 

Fish  and  meat 

Ignatovich 

1935 

Sausage,  6 d.  drying 

13  d. 

Mueller-Claus 

1938 

:: 2£2 

>24  hr. 

ff 

Recov.  60^  out  of  70  for 
1 yr. 

Veg,  20C 

Burton 

1949 

Cantaloupes,  -4F 

>1  yp* 

n 

If 

Veg. 

In  9O/6  of  samples 

Murgla 

- 

Tomatoes  with  bacteria 

5 min. 

Rudolfs 

1951 

sprayed  on 

i 

Mushrooms.  -9.4C 

6 mo. 

Smart 

1934 

'PRUIT^ 

E.  coll 

In  90^  of  samples 

Fruits 

Maurgia 

- 

Fruit  In  cold  water 

Recov.  1005^,  few  min. 

Spalnl 

1944 

TABLE  (CONT'D)  THE  SURVIVAL  OP  ESCHERICHIA  COLI  IN  POOD 

ALSO  PARAGOLOBACTRUK  & AEROBACTER 


Factor(a) 


FRUITS  (cont’d) 

E,  coll 

Fruit  In  boiling  water 
Cherries,  -17.8  and  -40C 
Cherry  juice,  -17.8  and 

-40c 

Good  oranges,  17*8C,  pH 

3.61; 

Soft  rotten  oranges,  17.< 
pH  3.74 


E.  coll 


Survival 


Reoov.  70^,  few  min. 
2-3  mo. 

<1^  mo. 


Reference 


Spalnl 

Wallace 

«i 


Inoc.  12,300/cc,  Recov.  Wolford 
2,800/oc,  7 mo. 

Inoc.  31,500, 000/cc,  " 

Recov.  1,250,000/cc, 

8 mo. 


Contained  many,  from  Buttlaux 
water  to  dilute  beer 


DAIRY  PRODUCTS 
A.  aerogenes 


Growth  checked 
2k  hr 


8 wk. 

Did  not  mult,  but  sur* 
vived  lo 


Palladlna 


, Rice 

(I 


A.  aerogenes 


ant  a 


Contained  lOOO/ml 


191A 

1933 

19k8 


19k9 


1J3S 


1938 

It 


Slight  effect  on  bacteria  Gregory  19kd 


Burton 


Buttlaux  19k9 


II ..  • 


TABLE 


THE  SURVIVAL  OP  MICROCOCCUS  SPECIES  IN  POOD 


• 

Faotor(s) 

Survival 

Reference 

MILK 

M.  aureus 
“"hllk,  65-81C 
" -21  to  -73c 

Recov.  0,  1 d. 

Inoc.  100,000/ml. , more 
resistant  to  freezing 
than  thawing 

Lazarus  I890 

Lund 

SiifeY  PRODUCTS 
M.  sp. 
Marp'.arlne 

Poltz  1951 

M.  aureus 

kgg  powdered,  R.T.,  stor- 
ed In  packet 
Frozen  e«Ks.  -9C 

Inoc,  2,000,  Recov.  20, 
70  d. 

12  mo. 

Haines  1944 

Hartsell  1951 

fTOP 

M.  aureus 

Putrid  meat,  440 
Canned  roast  beef,  22-37C 

No  growth 

Inoc.  30-5000  org./gm., 
>60  d. 

Haines  1944 

Surgella  1945 

&AtfiiE 

M,  sop. 

Salad  dressing  and  mayon- 
^ nalse, 

• Mayonnaise,  370,  pH  3»Q» 

0.48^  acid 

Salad  dressing,  370,  pH 
3.2,  1.1^  acid 

Mayonnaise  with  egg  yolk, 
0.51^  acid,  pH  4.0, 
fresh 

Mayonnaise  with  egg  yolk, 
0.51^  acid,  pH  4.0* 
emulsol 

Salad  dressing  with  egg 
yolk,  1.02^  acid,  pH 
3.30,  fresh 

Salad  dressing  with  egg 
yolk,  1.02^  acid,  pH 
3.30,  emulsol 

Mayonnaise,  pH  5*0,  0.15^ 
acid 

Salad  dressing,  pH  5*0, 
0.15^  acid 

M,  more  resistant  than 

S. 

96  hr. 

30  hr, 

78  hr. 

72  hr. 

48  hr. 

16  hr. 

144  ^* 

144  hr. 

Vethington  1950 

ti  tt 

n 9 

« ft 

It  It 

It  tt 

It  It 

It  It 

tt  It 

TOETIiEEs 

M*  aureus 

Plants,  lima  beans 
M.  sp. 

Asparagus,  -17.8c 
^ Spinach,  -17. 8c 

Peas,  -17.8c 

Recov.  3,  13  d, 

Inoc.  255J^  Recov,  05.8^, 
6 mo. 

Inoc.  8.6^,  Recov.  63*2^, 
8 mo. 

Inoc.  21.3^,Hecov.  44*4!^i 
8 mo. 

Russell  1893 

Lockheed  1938 

It  It 

It  tt 

I' 


Faotor(a) 

Survival 

Reference 

VEOETABLES  (cont»d) 
M*  sp* 

Lockhead  193& 

Beans,  -17, 8C 

Inoo,  7.05^,  Recov,72.0jS, 
8 mo. 

Corn,  " 

Inoo. 20. 7/^,  Recov.78.7/i^» 
8 no. 

fl  « 

TABLE 


THE  SURVIVAL  OP  MICROOROANISMS  IN  POOD 


Paotor(s) 


Survival 


Reference 


MILK 

CorynebaoterAm  dlphtherlae 
Cream,  frozen 
Milk 

Lactobacillus  caael 
”Hilk,  -^1  to  -78c 


Lactobacillus  acidophilus 

Milk,  1160' 

RlokettaL  a spp. 

Ster.  skim  milk,  26-280 


Raw  milk 
Rickettsia 

Coxiella  hurnetl 
“M'i’ik, 


air  dried 


R.T. 

37C, 

stored 

DAIRY  PRODUCTS 

Achromobacter  delmarvae 
Sutter 

" and  marr:arlne, 
rapid  develop,  of  acid 
and  prompt  salting 
Bacterium  linens 

Oheddar  cheese,  lOG,  pH 

5.13 

Corynebeeterlvim  dlphtherlae 


>l^  d. 

Present 

Inoe.  100,000/ml.,  more 
resistant  to  freezing 
than  thawing 

15  min. 

Inoc.  0»5ml.  of  2x10"! 
cotton  rat  liver,  24 
hr. 

Not  given 


7 d. 
30  d. 


Bolten 

Trevelyan 

Lund 


Morrison 

Anderson 

Huebner 


1918 

1898 


1930 

1944 

1948 


Babudierl  1950 

It  n 


Butter 
Rickettsia 

Coxiella  burnetl- 

Cheese  made  with  in- 
fected milk 

Butter,  below  freezing 
Lactobacillus  sp. 

Butter  


HE3ST 

Corynebaoterium  dlphtherlae 
Sausage,  ^or  jd  min. 


239  d. 

Berry 

1927 

Growth  checked 

1 

Palladina 

1935 

4 mo. 

Albert 

19I44 

1 mo. 

Minn. St. Bd. 

of 

Health 

1911 

48  d. 

Babudierl 

1950 

41  d. 

Jellison 

1948 

275-462  D. 

1 

Tanner 

24  hr. 

Mueller-Claus 

1 

1938 

24-36  hr. 

Tanner 

1944 

Recov.  0, 

36  hr. 

Gould 

1949 

If  n 

24  hr. 

A 

<f 

11  It 

10  hr.  j 

n 

A 

A n 

40  min. 

n 

ff 

n n 

2 min. 

A 

H 

Animal  parasites 

Trichinella  spiralis 

'Pork,'  

Trichina  larvae 
J>ork,  -27s 

-30c 
-33G 
-35c 

Jim 


ft 

n 

n 


TABLE  (CONT’D) 


THE  SURVIVAL  OP  MICROORGANISMS  IN  POOD 


Factor (a) 


CEREAL 

Pastaiirella  tularensla 
Grain 

" contaminated  with 
urine  or  feeea  of  in- 
fected mice 


wmmM 

Laotobaclllua  cucumerla 

“TeSTTTP' 

Lactobacillus  app. 

Veg. , -IOC 
Peas,  -IOC 

Pseudomonaa  aeruginosa 


Survival 


Present 

ff 

Ayres 

Zeiss 

19W 

19W 

>2  yr. 

Berry 

1933 

2 yr. 

M 

11 

2 yr. 

Velser 

1951 

Recov.  many,  69  d. 

Russell 

1893 

Found 

Wright 

1950 

Reference 


T'lants 
Bacteria  and 


oteria  and  parasites 
Veg.,  from  irrigation 
water 


fRuiF 

Proteus  vulgaris 

diierry  Juice,  -17.8c  and 
-liOC 


<4  wk. 


Wallace 


1933 


Paateurella  tuxarensis 
Pood  atu^f 

Food,  contaminated  with 
urine  or  feces  of  in- 
fected mice 


Present 

« 


Schuller  191+3 

Zeiss  191+3 


TABLE  /T7 


THE  SURVIVAL  OP  MICROORGANISMS  IN  POOD  (GENERAL) 


Pactor(s) 


MILK 

Milk,  frozen  and  stored 
Raw  milk 

Cream,  -5  to  -lOP 

Powdered  skim  milk,  R.H. 

5-20{g 


Whole  milk,  37C,  R.H.  10- 

20^ 

Milk  used  In  ooffee  or  tea 


Survival 


Lowers  no.  of  bacteria 

Germicidal  action  de- 
creases no. 

Decreases  during  storage 
and  freezing 

Inoc.  11,100/g.  at  37C 
and  23,800/&  at  30C, 
Recov.  Max.  survival, 
48  wk, 

Inoc.  91,000/g.,  Reduct. 
99. 95^,  72  wk. 

Present 


Reference 


BabXock 

Chambers 


1947 

1920 


iPablan  1943 
Hlgginbottoml948 


Hill 


1202 


PRODUCTS 
Margarine 

Ice  cream 


42^  had  plate  cts.  of 
100/ml.  or  less 
Lower  In  winter  mo» 


Poltz 

Tanner 


1951 


Powdered  egg,  6OC 


Egg  whites,  fror^n 
" yolks,  * 

" whites,  R.  T. 

" yolks,  " * 

* . OP 


995^  redact.  Id.,  de- 
crease proportional  to 
increase  in  temp. 

Low  cts. 

M n 


High 


cts. 

It 


Greater  destxnictlon  of 
bacteria  than  at  lover 
temp. 


Gibbons 


Verge 

ft 

It 

It 

Winter 


1943 


1928 

It 

It 

N 

1947 


BSSf 

Chicken-a-la-Klng 

Hamburger  steak,  unfrozen 
**  *•  frozen 

Dehydrated  meat,  l^C,  in 
air,  R.H. 

Dehydrated  meat,  l^C,  in 
air,  R.H.  2.056 
Dehydrated  meat,  15C,  in 
air 

Dehydrated  meat,  15C,  in 
nitrogen 
Shrimp,  -40C 

" -120 

Meat 

Lamb  chop  (fat),  -6.6C 
n ti  n .120 

n m It 

Pish  (haddocks),  -4C 

It  n -6.6c 


In  ^ samples  of  precook- 
ed food 

Reoov,  >24,300/gti. 

* >l,100,000/gm. 

Inoo.  700,000,  Recov, 
9,400j  10  wk, 

Inoc#  2,000,000,  Recov. 

37,000;  6 wk. 

Inoc.  24*000,000;  Recov. 

29*300;  7 mo. 

Inoc.  24*000,000;  Recov, 
669,000;  12  mo. 

Recov.  greatly  reduced 
In  peeled,  >12  no. 

More  destrictlve  than 
lower  temp. 

Present 

Recov.  38*300,  6 wk. 

« 44*400  " " 

« 67*700  « *• 

Start  47,  Recov.  260, 

7 wk. 

Start  47*  Recov.  820 
7 wk. 


Buchblnder  1949 


Geer 

It 

Haines 


1933 

It 

1944 


Holmes 


Jensen 

Prescott 

H 

tt 


Prescott 

It 


1949 


1945 

1932 

11 

11 


1932 

It 


TABUS  !F7  (CONT'D)  the  SURVIVAL  OP  MIOROOROANISMS  IN  POOD  (OENERAL) 


Paotor(8) 

Survival 

Reference 

HEAT  (oont*d) 

Fish  (haddooks),  -120 

Start  kit  Reoov.  $60, 
7 wk. 

Prescott 

X932 

*•  " -iflo 

Start  k7.  Reoov.  7$ 

tt 

ff 

VSdfiTABLSd 

Pro ran  veg.,  -18C 

Berry 

Vegetable  tissue 

Present 

Oalippe 

1887 

Dried  veg.,  6^-600 

n 

Haines 

1944 

Frozen  veg.,  10,  0,  -lOP 

Inoo.  50,000/g.,  Recov. 
no  increase 

Huoker 

1951 

Piokled  veg* 

Intestinal  pathogens 

Lin 

1945 

Vlned  peas,  <l4.0P 

9$%  reduction 

Link 

1949 

Frozen  packed  veg.,  -17. 8c 

Some  present  9 mo. 

Lockheed 

1936 

Peas,  -200,  brine  packed 

2k  wk. 

MaoFarlane 

1940 

Spinach,  -6.60 

Start  2170,  Reoov.  1190, 
6 ^dc. 

Prescott 

1932 

" -120 

Start  2170,  Reoov.  1,350 
6 wk. 

« 

n 

0 
OO 

1 — 1 

1 

K 

Start  2170,  Reoov.  ” 
6 vdc. 

N 

it 

Veg.,  bact.  in  soil 

No  results 

Remlinger 

1909 

Peas  and  whole  kernel  corn 

Did  not  mult. 

Van  Es  el  tine  1948 

frozen  In  liquid  air  or 
in  air  blast 

Veg., 

Low  temp.,  moist  soil, 
organic  matter  increase 
viability  of  pathogenei 
and  other  pathogenes 
reduce  survival 

Rudolfs 

1950 

Berries,  airtight,  frozen 

^argo  decrease,  greater 
decrease  at  high  temp. 

Berry 

1933 

Apple  juice,  -70  to  -210 
* • -5,  -9.k,  6-70 

deduced  90-96^  1 mo. 
Survival  <10jf  1 mo. 

e 

1932 

M 

1934 

1936 

Frozen  berries. 

)eath  more  rapid  at  -9*4^ 
than  at  -20.6c 

« 

Oherries,  washed  in  NaOl 

:ts.  1200  to  600,000 

Koder 

1926 

Blackberries 

present  even  after 

M 

tt 

Ourrants 

3rd.  washing 

« 

a 

Yellow  Plums 

It 

n 

Fears 

fi 

ft 

Damson  plums 

>15  d. 

ff 

« 

Fruits,  moist 

Mills 

192$ 

Fzmlts,  decayed  portion 

7-42  d. 

N 

m 

Older,  -100 

31  wk. 

MaoFarlane 

1940 

Raspberries,  -200 

26  wk. 

n 

« 

Strawberries,  -6.6o 

Start  1900,  Reoov.  280, 
6 wk. 

Prescott 

1932 

" -120 

Start  1900,  Reoov.  96O, 
6 wk. 

n 

N 

* -180 

Start  1900,  ReCOV.  2200, 
6 wk. 

it 

It 

TABLE 


(CONT'D)  THE  SURVIVAL  OP  MICROORGANISMS  IN  POOD  (OEINERAL) 


Factojf*(a) 

Survival 

Reference 

FRUITS  (oont»d) 

Raspberries,  -6.6C 

Start  50500,  Recov.  275 » 
6 wk. 

Prescott 

1932 

" -12C 

Start  50500,  Recov.  638, 
6 wk. 

It 

ft 

" -18C 

Start  50500,  Recov.  l52C 
6 vAc. 

11 

t1 

Orange  Juice,  -6.6c 

Start  2I4.IO,  Recov.  1100, 
20  d. 

If 

ft 

" " -120 

Start  2l|.10,  Recov.  1090, 
20  d. 

It 

ft 

• •»  -18C 

Start  22;10,  Recov.  II60 
20  d. 

If 

ft 

Fresh  strawberries,  l^F 

Inoc.  fungi,  yeast, 
baot.,  1-3  yi*. 

Smart 

1931+ 

Strawberries  in  sealed  tins 

3 yr. 

If 

♦f 

Fruits,  -9 • 1^.0 

>3  yr. 

It 

1935 

Blueberries,  frozen 

Inoc.  before  freezing 
>100,000/gm. , Recov. 
«^1^,  7 mo. 

ft 

1937 

" in  sugar 

99.9^  reduct.,  9 mo. 

ft 

1939 

syi*up,  -6.7C 
Blueberries,  in  $0%  " 

syrup,  -17.8c 

60jf  " " " 

11 

tt 

Blaokberries  packed  in 
B.  syrup 

More  recovered  at  -20C 
than  -IOC 

¥eiser 

1951 

Soy  beans,  alfalfa 

Viable  6-9  mo. 

Fellers 

1919 

Pop  corn,  unpopped 
" " popped 

Contained  100,000/g. 
" 10/k. 

Breazeale 

1951 

Frozen  foods 

Fata  and  sugar  soln. 
protect  and  acids 
destroy 

James 

1933 

Food,  -25.2c 

>10  hr. 

Tanner 

19Mf 

Food,  pH  2 

Practically  all  deatroi- 
ed 

Virtanen 

1940 

TABLE  THE  SURVIVAL  OP  MfCOBACTEBIUM  TUBERCULOSIS  IN  POOD 


Pact or (a) 

Survival 

Reference 

MILK 

Htunan 

"TOk 

10  d. 

Helm 

1889 

Sour  milk 

I;  wk» 

Honda 

1938 

Milk,  58c,  pH  6.7,  6.3, 

30  min. 

Katrandjleff  1929 

6.0 

Milk,  60C-63C,  pH  6.7, 

M « 

m 

6.3,  6.0 

Sour  milk,  200co.,  R.T., 

Inoe.  1 loop  cult.. 

Kllewe 

1937 

pH  1^-5  „ 

viable  7 d. 

Cream,  60C-80C 

2 min. 

Mohler 

- 

Milk,  frozen,  -8C  to  -20C 

2 yr. 

MeCalluro 

19^ 

Ster.  milk,  3CC 

Inoc.  500-2000/ml.,  20  d 

^Mattlck 

1946 

Raw  cream 

Recov.  16  out  of  31 

Pulllnger 

1935 

samples 

Bovine 

1938 

Sour  milk 

10  d. 

Honda 

Sour  milk,  200co.,  R.  T. 

Inoe.  1 loop  cult.. 

Kllewe 

1937 

viable  20  d. 

Dktkt  PRODUCTS 

H\iman 

1889 

Buiter,  15-22C 

30  d. 

Hum 

Curds , * " 

2 d. 

m 

n 

Wiey,  " * 

Cheese,  " 

N 

n 

« 

ti 

m 

2 mo • ( summer ) 

Kankaapaa 

1948 

m 

ll|.0  d. 

Kastll 

Eranenthal  and  Oruyere 

Inoc.>l/cc,  20-30  d. 

II 

1949 

cheese 

Munster  and  Camembert 

Inoc.  " 47  d. 

n 

II 

cheese 

Tilsit  cheese 

" " 232  d. 

n 

It 

Cheese  with  low  fat  milk 

" ” 326  d. 

n 

II 

White  cheese 

Butter  of  milk  held  at 

>14  d. 

Lone In 

1950 

145P  for  30  min. 

Present 

Smith 

1932 

Ice  cream 

6J  yr. 

Wallace 

1938 

N « 

30  mo. 

e 

1933 

Butter  from  t.b.  milk, 

Survived  pasteurization 

3ookson 

1926 

pasteurized  at  55*  oO, 
and  70C 

Bovine 

6i  yr. 

Ice cream 

Wallace 

1938 

n " 

30  mo. 

n 

1933 

Avium 

4-i  yr* 

Ice  cream 

n 

1938 

N fl 

30  mo. 

n 

1933 

TABLE 


THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  FOOD 


Paetop(s) 


MILK 


S«^|M»atyphl  A 


acid 

acid 


lee  box 
Milk,  37C,  1 lactic  acid 
to  250  milk 

Raw  milk,  l6c,  pH  5,0k.~ 

S. paratyphi  B 

Milk,  3?C,  1 lactic 
to  250  milk 
Milk,  37c,  1 lactic 
to  500  milk 
Milk,  37C,  1 lactic  acid 
to  1200  milk 
Milk,  ice  box  temp. 

Raw  milk,  l8C,  pH 

Milk,  pH  4.2 
Milk,  5%  NaCl,  pH  I4..6 
Milk,  pH  7-5.1 
8.  paratyphi 

Ster.  milk,  17-20$^  acid, 
37C 


170  d. 

Ilnoc 
Re£oy 

ai  d. 


|Inoc:l  loop  of  24  hr. 

cult;  Recov:0;  12-60  hfKalser 
|Inoc:  1 loop  24  hr.  cult: 
RecovtO;  72  hr. 

|lnoc:l  loop  24  hr.  cult; 
RecovtO;  60  hr. 

I324  d.  I Berry 

HI  d.  lEllewe 


Irowth  checked 
24  hr. 

63  d. 


Ster.  milk, 

n 


ff 

fl 

It 

It 

M 


2^.135^, 


« 

m 

ti 


20C 

,50^,  37c  ^ 
2.6-l5.0j6,  20(| 
20.6jg,  0C 

33^,  20c 


Raw  milk. 

27,0k%,  37C 

w—  ( Wi 

Recov. 

We 

.0; 

14  d 

« « 

33.25,^, 

R 

fl 

4 d. 

n R 

27,36-18.3^370 

R 

fl 

12  d 

fl  fl 

31. 200 

H 

ti 

n 

13  d 

It  fl 

17. 82^,  " 

H 

fl 

7 d. 

fl  fl 

20. 15^,  " 

N 

ft 

3 " 

R R 

22.6ljg,  « 

n 

fl 

7 " 

R « 

22.60^,  8C 

ft 

fl 

14  d 

Sour  milk,  pH  5. 04-1;. 84 

11  d. 

Milk,  R.T.,  acidity  *7 
**  suspn,  63c,  in  an 
open  reagent  glass 
Milk  suspn,  63c,  in  water 
bath  in  glass  with 
mbber  stopper 
Milk  suspn,  63c,  warmed 
at  48c  until  a 1.5cm. 
ring  of  dried  milk  form; 
Milk,  pH  4.8 
S.  enterltldls 

Milk,  lee  box  temp, 
Evapor*  milk;  37C,  6-90, 
20C;  pH  5.2,  7.2,  5.1; 


Survival 


:1  loop  2k  hr.  cult; 
£ov:0;72-60  hr. 


RecovtO;  1-2  wk. 

Viable  29  d. 
RecovsO;  9 d. 

« " 14  d. 

*•  " 36  " 
Viable  4"5  wks. 


4 d. 

15  min. 

Reoov:  O;  3 min. 


m m 


50  min. 


63  d, 
180  d, 
7 d. 


Reference 


Berry 

Kaiser 

Kllewe 


« 

e 


Palladina 

« 

Wilson 

Kllewe 

» 
tt 

n 
« 

R 

n 

R 
R 
R 
R 

m 

R 
M 
R 
H 

Marsh 

Orskov 


Wilson 

Berry 

Koser 


1927 

1921 

1935 


1921 


1927 

1935 

1935 

« 

1945 

1935 

R 

m 

n 

n 

n 

n 

m 

n 

m 

n 

m 

« 

fl 

« 

n 

1918 

1925 


1945 

1927 

1922 


TABLE  ff  (CONT’D)  THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  POOD 


Paotop(s) 

Survival 

Refer enoe 

MILE  (oont'd) 

S.  tTPhlmurlum 

Step.  mllW,  22.25%,  20C 

Viable  32  d. 

Ellewe 

1935 

; " 16.50^,  37c 

Reoov:  0;  13  d. 

fl 

« 

* ’ 80 

" " 47  d. 

N 

a 

; ; 33^,  20c 

Viable  4-5  wk. 

N 

a 

" " 25%,  8c 

6-7 

n 

a 

Raw  milk,  12.15%,  37C 

Recov:  0;  14  d. 

M 

a 

; ; 33.20Jf,  " 

" " 4 d. 

m 

a 

; ; 25. 77?,  " 

• " 13  d. 

m 

a 

; • 35.22JT,  20c 

a mm 

m 

a 

; - 25.055c,  - 

" * 10  d. 

n 

a 

• " 25.54^,  • 

" " 6 d. 

M 

a 

Milk,  pH  4.2 

Growth  checked 

Palladlna 

1935 

••  , 5/C  NaCl,  pH  4.6 

24  hr. 

m 

a 

Soup  milk,  9.75-1356  acid, 
8C 

S.  tTUhoaa 

Recov:  0;  11  d. 

Ellewe 

1935 

Raw  milk,  0.27%  acid  1 

5 d. 

Bassenge 

1903 

■ • 0.36%  " 

6 d. 

n 

a 

• • O.635C  • 

24  hr. 

N 

a 

Milk 

Reoov:  0;  2 hr. 

Belln 

1933 

* , Ice  box  and  R.T. 

(Miss.)  290  d.  and  I87  d 

Berry 

1927 

Soup  milk,  1 d.  old 

Inoo:100oo.^  ec^typhold 
I mo. 

Bolley 

1898 

« a 2 " " 

Inoo:l5co45oo;  5 d. 

« 

a 

" skim  milk 

" ibOoc^iicc  cult;5d. 

H 

a 

Sweet  milk 

" " ^ 24  hr.  cult; 

1 mo. 

tt 

a 

Fast,  milk 

Inoo:100co,^cc  oult;10d 

m 

a 

Whole  step,  milk 

" loop;  1 mo. 

m 

a 

Sweet  cream 

" 200co,6cc  cult;  4 m 

> " 

a 

Milk  step,  by  discount 

Loop  inoc;  4 >>10 • 

ft 

a 

past.,  loop  inoc. 

Milk,  58c  fop  20  min. 

n It  n 

m 

a 

Fresh  milk  drawn  In  step. 

" " 3 mo. 

m 

a 

tube 

Cream,  freezing 

Inoo:5co  of  cult;  >>4  d. 

Bolten 

1918 

Sour  cream  strongly  acid 

" 1 loop  cult;  10  d. 

Bznick 

1903 

Milk 

" 1 g. ; several  days 

Cautley 

1897 

Sour  milk,  R.T.,  2.255C 

6-8  d. 

Dexmne 

1925 

acid 

Milk,  13-lBC 

Viable  <48  d. 

Helm 

1889 

Step,  milk 

4 mo. 

Hesse 

1889 

Milk,  alternate  freezing 

Reduction  <93-995C 

Hillard 

1918 

Step,  milk,  I7-205C  acid. 

Recov:0;  4 li**. 

Ellewe 

1935 

37c 

i 

Step,  milk,  305C  acld,6>20( 

Recov.  0;  several  wk. 

It 

a 

" ",  25  min.  In 

autocl,  5 >25^  acid 

Viable  13  d. 

n 

a 

Step,  milk,  8.80-7.505C 

" 14  d. 

tt 

a 

add,  20c 

Step,  milk,  23.88%,  20c 
" " 235C-20.55C,37C 

" 28  d. 

It 

a 

Recov.  0;  24  hr. 

n 

a 

table  (CONI' D)  THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  Pi 


Pactor(s) 


Survival 


Raferenca 


MILK  (oont'd) 

S.  typhoaa 

Star,  milk*  2$, 8$^  aold, 
8C 

Star,  milky  aold.  20C 
• " 26^  " 8C 

Raw  milk,  37C 
" " ",  l4.975^aold 

" " " 33.73%  " 

• " " 17.81%  " 

" * 20C,  38.25%  " 

" " " 31.51%  " 

" " " 2l4..U5%  *• 

Sour  raw  milk,  20C,  9.75- 
l6.50%acld 

Raw  milk,  8C,  20.38- 
22.35%  sold 

Raw  milk,  8c,  18. 75-20. 90J 
acid 

Raw  milk,  l8C,  pH  7.17- 
6.91; 

Raw  milk,  37C,  pH  5.02- 
3.56 

Raw  milk,  1 loop  B.  coll, 
18C,  pH  3.9l;-7.93 
Raw  milk,  37 C 
Sour  cream,  R.I. 

Cream,  soured  overnlte 
in  sterilizer 
Cream,  R.T. 

Milk,  66C-7kC 
Milk,  R.T,  acid  .7 
Fresh  milk,  acid  19-1.1; 
Sour  milk 
Milk,  pH  1;.2 
Frash  milk,  7-lOC 

Milk,  3C 

Milk,  0.71%  acid 
* 0.53%  " 

" with  S.  lactleus, 
0.81;%  acid,  R.T.,  and 
0.65%,  Ice  box  temp. 
Milk,  with  dlplococcua"x" 
0.o8%  acid.  Ice  box 
Milk,  with  diplococcus"x" 
1,01;%  acid,  R.T. 
f Milk,  0,90%  acid 

Milk,  0.74»  0.78,  0,81% 
Milk 

" , pH  i;.9-5.1 


Recov. 

0, 

44  d. 

Viable 

2 

wk. 

Recov. 

0, 

6 wk 

M 

m 

3 d. 

« 

n 

12  d, 

11 

n 

4 d. 

It 

If 

11  d 

It 

N 

12  d 

II 

If 

6 d. 

If 

If 

3 d. 

N 

If 

3 d. 

II 

If 

12  d 

: " 

It 

14  d 

Inoo.2  loops,  Racov.O, 

48  hr, 

Inoo.  2 loops,  Recov.O, 
21;  hr, 

Inoe.  1 loop,  " " 

12  d. 

Inoo.  7 million,  Recov.O 
48  hr. 

Inoc.  7 million,  " " 

120  hr. 

Inoo,  375,000,  Recov.  0, 
96  hr. 

Recov.  0,  1 d. 

5 d. 

1-2  d. 

3 mo. 

Growth  was  checked 

Inoo.suspn.  of  agar, 
viable  11-13  d. 

2 d. 

8 d. 

30  d. 

5 d.  and  27  d. 


86  d. 

34  d. 


1 d. 

4 d. 

20  d. 

63  d.  plus 


Kllawe 

1935 

ffl 

ft 

If 

ft 

ft 

It 

fi 

ft 

fi 

ft 

n 

ft 

ft 

tt 

M 

ft 

If 

ft 

If 

ft 

m 

ft 

n 

n 

If 

It 

ft 

ft 

n 

It 

Kredba 

1935 

Krumwiede 

1914 

tt 

ft 

tt 

tt 

Lazarus 

1890 

Marsh 

1918 

n 

tt 

Osier 

1901 

Palladlna 

1935 

Pfuhl 

1902 

Seitz 

1886 

Vade 

1928 

It 

It 

ft 

II 

tt 

ft 

n 

It 

It 

n 

tt 

It 

Washburn 

1908 

Wilson 

1945 

(OONT»D)  THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  Fi 


Faotor(8) 


Survival 


Raferenca 


DAIRY  PRODUCTS 
S»  paratyphi  A 
Butter 

S.  paratyphi  B 
butter 
Milk  ourde 
Yoghurt,  1,67^  acid 

" 0. 295^-0. 825^  acid 

" 1. 895^-2. 14jg  " 

" 2.355^  acid 

• 1.07%  * 

Butter  and  margarine,  rap- 
id develop,  of  acid  and 
prompt  salting 
Buttermilk 
S.^garatyphl  types 

Butter  (English),  15C 

« « 3C 

Buttermilk 

Cheese 

S.  8P«  (Type  Newport) 
BuHer,  oontamlnad  by 
cooling  water 
S.  antarltldls 


117  d.  Berry 

212  d.  ** 

4.8-96  hr.  Bhftt 

Inoc.  1 loop  24  hr.  cult 
Recov.O,  4.8-108  hr.  Kaiser 

Inoc.  1 loop  24.  hr.  cult 
Reoov.  0,  12  hr.  * 

Inoc.  1 loop  24.  hr.  cult 
Recov.  0,  60-72  hr.  ** 

Inoc.  1 loop  24.  hr.  cult 
Recov.  0,  120  hr.  " 

Inoc.  1 loop  24  hr.  cult 
Recov.  0,  24  hr.  " 

Orowth  checked  Palladi 


15  d. 

48-96  hr. 

<=112  d. 
S«112  d. 

15  d. 

4oat  common 
Present 


Milk  curds 

Butter  (English),  15C 
" " 3C 

Ice  cream,  -23«2C 
" " freezing 

S.typhlmurium 
Butter 
Ice  cream 

Butter  and  margarine, 
rapid  develop,  of  acid 
and  prompt  salting 
Cheese,  43*’48F 
lee  cream,  -23* 2C 
**  ” freezing 

S.  eholeraeauls 
butter 
S.  typhosa 

Buttermilk,  strongly  acid 

" 22c 


pH  3. 5-4* 4. 


228  d. 

1.8-96  hr. 

<=112  d. 

*112  d. 
f yr. 

}0  mo.  -f 

239  d. 

?8  d. 

Growth  checked 


Berry 

Bhat 

Pul linger 
Wallace 


Berry 

Olass 

Palladlna 


Inoc.  colby  cheese,  302d.  Tucker 
b yr.  Valla  ee 

30  mo.  4 * 

4.9  d.  Berry 

Inoc.  1 loop  cult,  10  d.  Bruck 
" 2 ” 24  hr.  cult  Praenkel 

Inoc.  2 loop  24  hr.  cult 
24  hr. 

2-3  d.  Marsh 


1921 


Palladlna  1935 


I Stever 
Bhat 

Pulllnger 

« 

Stever 

Fabian 

Eriksson 


1927 

1949 

1930 


TABtiE  (CONT'D)  THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  P 


Faetor(s) 


DAIRY  PRODUCTS  (cont'd) 

S«  typhosa 

Buttermilk,  pH  3 • 1-4- 5 
* R.T. 

" Incubator 

Cheese  infected  by  water 

Butter 

« 

Milk  curds 

Preah  creamery  butter 


salt  1|.  oz./lb. 

Unsalted  churned  butter 

Salted  churned  butter, 

10  oz./lb « 

Preah  creamery  butter, 
kept  In  cold  storage 
Presh  creamery  butter 
salted.  In  cold  storage 
Cheese 

Butter,  stroiigly  acid 
Cheese,  58-60P 
" kO-kZF 
" Cheddar 
Butter,  13-180 
Cheese,  350,  alkaline 
linilte  cheese,  350 
Curds,  35c 
Nhey 
Cheese 

Butter,  weakly  acid 
Butter 

Cheese,  6OP,  artlfically 
Infected 

Ice  cream,  frozen 

" **  " Knox 

gelatin  added 
Butter  made  from  Infected 
cream 

Butter  and  margarine, 
rapid  develop,  of  acid 
and  prompt  salting 
Fresh  butter,  7-lOC 

Oervals  cheese 
Ice  cream 

All  classes  of  butter 
Sweet  and  sour  curds,  pH 

4.2-I1..7 


Survival 


1 d. 

3 d. 

24  hr. 

6-10  mo. 

22  d. 

110  d. 

4.8-96  hr. 

Inoc.  spots,  $ d. 

" germs  mixed,  5 d. 
" 1 loop,  5 d. 


" 200cc&8cc  cult, 

10  d. 

Inoo.  200cc  & See  cult, 
10  d. 

None  foTuid 


60  d. 


Reference 


Marsh 

Rubens te In 
e 

Anon. 

Berry 

N 

Bhot 

Bolley 

N 


Bawman 


Inoc.  1 loop  cult,  27  d.  Bruok 
3 mo.  Campbc 

6-10  mo.  " 

«3  mo.  Folev 

Viable  21  d.-  1 mo. 

" 3d. 

" —24.  hr. 

" Id. 

" Id. 


Campbell 

Foley 

Helm 

N 


4 wk. 

4-5  d. 

6 d. 

34-36  d. 

Inoo.  70,000/cc,  Reoov. 

450,000/oc  In  24.  hr. 
Inoo.  400,000/oo,  Recov. 

60,000/oc  In  24  hr. 
Several  days 

Growth  cheeked 


Hesse 

Laser 

Lafar 

Meyer 

Mitchell 


Osier 


Pfuhl 


Inoc.  Agar  cult,  ground 
In  agar  mortar,  2k  d. 

Inoc.  agar  cult,  * " 

^2  yr.  Prucha 

At  least  60  d.  Pulllnger 

Inoc.  4 drops  cult,  Reeo r 
0, «1  hr.  Panja 


1918 

1902 

1944 

1927 

n 

1898 


1942 


lU 


1889 

1891 

1944 

1915 


1901 


Palladina  1935 


1902 


1926 

1938 

1945 


V"! 


TABLE  (CONT'D)  THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  POOD 


Paetop(s) 


DAIRY  PRODUCTS  (oont'd) 

S»  typhoaa 
Cheeae,  R.T. 

* loo  box 
loe  cream,  -19C 
Colby  cheeae 

Cheddar  cheese,  from  con- 
taminated milk,  l.Oli.^ 
acidity 

Cheddar  cheese  (commercla 
Cheese,  1.12^  acid,  expos 
ed  to  air 

Cheese,  acid,  ex- 

posed to  air 
Cheese,  0.975^  acid,  ex- 
posed to  air 

Cheeae,  0.96]^  acid,  no  al 


f-Mtm 


S.  typhlmurlum 


efrosted  whole  egg;  -1, 
-9,  and  -l8c 
S*  typhoaa 


efrosted  vdiole  egg;  -1, 
-9»  and-l8c 
S.  spp, 

Iji’ermented  albumen,  R.T., 
dried 

Permented  * 120P, 

dried 
Eggs 

" powdered 
Spray  dried  eggs 

Duck  eggs 
Powdered  egg,  3^P 
nllorum 
aw  egg 


Survival 


26  d. 

».75  d. 


Reference 


Ranta 

ff 

Tanner 
Thomas son 
Wade 


11  mo  • 4 


n N N 


mm  m 


Recov.  100^ 

20  d. 

0.6^  of  samples 

Recov.  In  9.9^  of  sample 

Present 
6$  wk* 


Inoc.  feces,  present 


S,  paratyphi  B 

Cnlcken  chow  mein, -25.5c 

S,  paratyphi  types 

Livers,  brains,  hamburger 
steak,  fresh  pork,  sau- 
sage, pork  and  beef 
loaf,  kidney,  cooked  poa 
smoked  saus^  cured 
ham  and  bacon,  beef, 
lamb,  calf  sweetbreads, 
and  chicken  livers 


Inoc.  230x10 vgm,  Recov.  OTUiderson  191^8 
lQxlo5/inn*  270  d- 


19x10 Vgm,  270  d. 
Present 


Cherry 


• "W 


TABLE 


(CONT»D)  THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  P 


Survival 


1 of  sample 
0*9^  of  samples 
lO.Sjg  of  *• 
of  *• 

26. • " 

17. 65^  " " 

Inoo.  30-5OOO/gm,  Recov. 
30x10°,  ^ 60  d. 

chow  mein, -25.5c  Inoc.  I67xl0^/gm,  Recov. 

34x10 Vgm,  270  d. 

chow  mein, -25.5c  Inoc.  100xlo5/gn»  Recov. 

li.2xlo5/£rm.  ?70  d- 


con 

8.  paratyphi  types 

Beef 

Birds  (inspected) 

* (uninspected) 

Fork  (Inspected) 

" (uninspected) 
Hamburger 
3.  enterltldls 
domed  beef 

S . typhlmur  i\m 

d)iloken  chow  mein, -25.5c 

S . anatum 


Reference 


iFelaenfleld  1950 
I n If 


Surgella  1945 


Qunderson  194^ 


S.  galllnarum 

dnloken  chow  mein, -25.5c 

a.  sp.  (Type  Newington) 
Chicken  chow  meln,-35.5C 

S.  typhoaa 
Souse  meat 

Salt  fish  blocks,  5*8C 
Chicken  chow  mein, -25. 5C 

Oysters 

Shell  oysters,  5**8C, 
floated  1 hr.  in  sea 
water  to  which  typhoid 
Is  added 

Oysters,  IOC  and  -2.8  to 

14.4c 

Oysters,  wet 


" wet.  Inf eo ted 
wat  er 

Oysters,  dry.  Infected 
by  water 

Oysters,  sterlls  sea 
water,  wet 
Oysters,  sterile  sea 
water,  dry 
Cockles  In  sea  water 
J^ussels  " " " 

Oysters 

Sausage, 4 d.  drying 


4.2xl0Vgm,  270  d. 

Inoc.  68^5xloVg®»R®cov. 
4.8xl05/gm,  270  d. 

Inoc.  75i5xlo5/g»» Recov. 
2.2xl05/gm,  270  d. 

3 mo. 

22  d. 

Inoo.  12A8xl05/gm, Recov. 

4.8xl0Vgm,  270  d. 

10  d. 

3 strains  21-24  d. 


Duff 

Prank 

Qunderson 

Herdman 

Jordan 


15  d.  Klnyoun 

Inoc.  160,000,000,  Recov  Kllon 
320,  4 d. 

Inoo.  160,000,000:  " " 

1220,  7 d. 

Inoo.  744fOOO/oo;  " " 

44#  6 d, 

Inoo.  744#000/oo;  Recov  ** 

90-  9 d. 

Inoo.  2, 250,000;  Recov.  ** 

105;  3 d. 

Inoo.  2.250OOO;  Recov.  * 

714;  4 d. 

Inoo.  4 milllon/co  ” 

" 5#170,000/cc 


1942 

1941 

1948 

1899 

1925 


1925 

1905 


7-11  d. 
13  d. 


Mueller-Claus 

1938 


«..i# 


' 


TABLE  (COHT'D)  THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  POOD 


Factor (a) 


Survival 


T (oont’d 
3«  typhoaa 
Sauaage,  35C 
Tuna,  -3  to  22.50 

Maokeral,  -3  to  22. 5C 

Cuttle  fish,  -3  to  22.5c 

Oyster,  -3  to  22.5c 

Sea  cucumber,  -3  to  22.5C 

Tuna,  22.5  - 310 

Maokeral,  22.5  - 31C 

Cuttla  fish,  22,5  - 310 

Oyster,  22.5  - 31  C 

Sea  cucumber,  22.5  - 310 

Shucked  oysters,  9Bf 

N « YQp 

• " 1*5  P 

Shell  fish 


L2  hr. 
hr. 


S.  spp. 

Salad  dressing,  37C,  pH 
3.3,  add 

Mayonnaise,  37C,  pH  3*2, 

1.10^  acid 

^<ayonnalse,  vrlth  egg  yolk,  IB  hr. 
0.51^  acid,  pH  i;.0  fresb 

Mayonnaise,  with  egg  yolk,  12  hr. 
0.51^  acid,  pH  I4..O, 
emulsol 

Salad  dressl^,  with  egg  8 hr. 
yolk,  1.20^ acid,  pH 
3.30,  fresh 

Salad  dressing,  with  egg  1 hr. 
yolk,  1.20^  acid,  pH 
3*30,  emulsol 

Salad  dressing,  pH  I4..I1.,  li|4  hr. 
aold 

Mayonnaise,  pH  5*0,  Ql5^  14^  hr. 
acid 


Ive  thing  ton  1950 


TABLE  (CONT’D)  THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  POOD 


Factor ( 8 ) 

Survival 

Reference 

CEREAL 
S»  8P» 

Crust  of  rye  bread,  R.T. 

6 xno* 

Baohmam  1943 

S.  typhosa 

Sread,  after  baking,  R.T. 

3 hr*  (aane  results  when 
smeared  with  fecal 
auspn. ) 

Alves  1935 

Cruat  of  rye  bread,  R.T. 

liih  mo. 

■ mill hi 

Vegetables 

3.  enterltidla 

Corn  and  aplnaoh 

3 yr. 

Canned  peas 

200  d. 

Spinach,  20G  and  6-9C 

7 d. 

Koser  1922 

String  beana,  20C  and  6- 

7 d. 

ti  m 

9C 

Corn,  pH  6. 2-6.0,  20C  and 

7 d. 

n M 

6-90 

Peaa,  pH  ^.8-6.0,  20C  and 

7 d. 

n If 

6-90  and  370 
3.  typhlmurlvon 

f Vf  T-T*  BTTT 

3 yr. 

Dojjle  1930 

Corn,  R.T. 

Inoe.  700,000/eo;  100  d. 

Canned  peaa 

200  d. 

a If 

Green  veg.,  R.T* 

3-7  wk. 

Pels onfield  1945 

" ■ refrigerator 

5-11  wk. 

fi  • 

Peas,  -90,  sharp  frozen 

Inoo*  l4.*55i  Heoov,  0, 
9 wk. 

Hartsell  1951 

3.  pullorum 

4-8  wk. 

Felsenfleld  1945 

(^reein  veg.,  R.T. 

Onions 

Not  considerable  time 

N N 

3.  ap*  (Type  Oranlenburg) 

Green  veg,,  R.  T. 

2-7  wk. 

It  « 

" " refrigerator 

5-10  wk. 

n ff 

Peaa,  -90,  sharp  frozen 

Inoo*  28,1|.53C,  Reoov.  0, 

at  -250 

0.273*,  12  wk. 

Hartsell  1951 

3.  sp.  (Type  Montevided) 

5-10  wk. 

Green  veg.,  refrigerator 

Felsenfleld  1945 

" " R.T. 

2-7  wk. 

If  n 

3.  typhosa 

(Sreen  washed  herbs 

Several  days 

Anon.  1923 

Lettuce  saldd,  washed  at 

As  many  at  12  hr.  as  at 

Geredl  1929 

1-6-12  hr.  after  Infect- 

one 

ed  with  typhd£d 

25  d. 

Green  veg.,  R.T. 

Creel  1912 

" ” exposed  to 

31  d. 

e m 

rain  and  sun  part  of 
day 

Green  veg.,  exposed  all 

10  d. 

41  ft 

day 

Peaa,  -90,  sharp  frozen 

Inoo.  33*4$10°;  Reoov. 
0.124x10®;  12  wk. 

Hartsell  1951 

at -250 

TABLE  (CONT'D)  THE  SURVIVAL  OP  SAMIONELLA  SPECIES  IN  POOD 


Faotor(s) 

i 

1 

Survival 

Referenoe 

VEGETABLES  (oont'd) 

S.  typhosa 
Mushrooms 

4-5  wk. 

Hesse 

1889 

Plants 

3-5  d. 

Lomlnsky 

1890 

Radishes,  grown  In  con- 

••37  d. 

Mellck 

1917 

tamlnated  soil 
Lettuce,  grown  In  con- 

>21  d. 

If 

If 

tamlnated  soil 
Cabbage,  80C,  water 

10  sec. 

Ommyojl 

1931 

Carrots,  80C,  shaken  In 

5 sec* 

ft 

It 

water 

Soy  bean  sauce,  pH  acid. 

Inoo.  1 loop,  >24  hr. 

Wang 

1945 

25-17C 

Soy  bean  sauce,  pH 

" " *24  hr. 

It 

If 

36-380 

S«  naratyphl  B 
Watermelon 

120  hr. 

Bhokt 

1948 

Siloed  sweet  strawberries 

•18c 

Cherries,  -17.8  and  -1^.00 

1 mo. 

MoCleskey 

1941 

2-3  mo. 

Wallace 

1933 

Cherry  juice,  -17.8  and 

4 wk. 

n 

If 

-4oc 

S.  paratyphi  types 
Orange  juice,  -i;C 

170  hr. 

Beard 

1932 

Sliced  sweet  strawberries 
18C 

Orange  Juice,  -^C,  pH  3*5 

Not  recovered 

McCleskey 

1941 

96  hr. 

Beard 

1932 

S.  enterltldls 

Tomatoes,  20C  and  6-9C 
S.  typhlmurlum 

7 d. 

Inoo.  500/gm.,  6 mo. 

Koser 

1922 

1941 

Slice'd  sweet  strawberries 

McCleskey 

-180 

Cherries,  -17.8  and  -1|.0C 

2-3  mo. 

Wallace 

1933 

Cherry  juice,  -17.8  and 
-400 

S.  typhosa 

Sliced  sweetened  straw- 

4 wk. 

Inoo.  500/gm.,  6 mo. 

fi 

ff 

McCleskey 

1941 

berries,  -l8c 

Uncut  sweet  strawberries 

14  mo. 

If 

ff 

Pears, »80C,  water 

>•1  min. 

Ommyojl 

1931 

Surface  of  dates 

68  d. 

Smeall 

1932 

Cherry  juice,  -liiC 

Inoo.  artlfloial,  2 wk. 

Tanner 

1931 

" " -16C 

« « 5 mo. 

11 

ft 

" -17.8  and 

-40C 

^ wk. 

Wallace 

1933 

Cherries,  -17.8  and  -4OC 

2-3  mo. 

n 

ft 

Oranne  juice,  -4C,  pH  3.5 

170  hr. 

Beard 

1 1 M 1 1 — 

S.  typhosa 
“ B'eer,  25-370 
" 5 0 

1-3  d. 

38  d. 

Hvungesch 

1949 

ff 

" with  paratyphoid 

5-10  wk. 

ft 

It 

TABLE  (CONT»D)  THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  POOD 


Faotor(s) 


BEVERAGES  (oont'd) 

S.  typhoaa 

Soar,  ij.t86^  alcohol , I*,  d* 

1.79SK  acid 

Vines  1 hr. 


Survival 


Reference 


SerpaSantos  1939 


« « 


S.  app. 

Seor7  22-37C,  with  para- 
typhoid 

Beer»  natural  with  para- 
typhoid 

Carbon  dioxide  drinks 

Red  wine,  15C,  4*90^ 
sulphuric  acid 

White  wine,  17-l8C, 
acid 

Cerons.  11-18C 
O^TERAL 


1-3  d. 

5-10  wk. 

Effect  of  COp  greatest 
at  19-23C 

Inoc.  2 drops,  2 hr. 


Humpesch 

n 

Koser 

Sabrazes 


n n ti  I Tar, 

" * * 5 min. 


1949 

1922 

1907 

w 

N 


S.  ap. 

^aerobic  sludge  used  for 
fertilizer 


7 d. 


Volman  1924 


.. 


TAM.E  ig>g  THE  SURVIVAL  OP  SHIGELLA  SPECIES  IN  POOD 


i 


’i 


% 


Faotor(s) 

Survival 

Reference 

MILK 

Sh.  dysenteriaa 
Preah  milk,  7-lOC 
Milk,  pH  11-.8-4.9 
Sh.  par ad73 enter iae  (Flexne 

“Rllk,  pS  J.5-U.7 

Sh.  paradTsenteriae 
Sterile  milk,  17-200 
Milk,  R.T.,  acid  0.8 

18-27  d. 

53  d. 

53  d. 

Until  it  dries  up 
3 d. 

Pfuhl  1902 

Wilson  19l|-5 

tt  « 

Frost  1905 

Marsh  1918 

HlLk  PRODtJGJ-TS 
Sh.  dysenteriae 
Suitermilk 
Butter 
Curds 

Preah  butter 

Oervaia  cheese 
Sweet  andao\ir  milk  curds, 
pH  k.2-k.7 
Sh.  parad7senteriae 
8urda 

Buttermilk 

15  d. 

18  d. 

Do  not  survive 
Inoo.  agar  cult,  groxmd 
in  agar  mortar 
Inoo.  agar  cult.,  9 d. 
Inoc.  1|.  drops  of  cult. 
Recov.  0, ^ hr. 

Do  not  survive 
15  d. 

Stever  19il.l 

Berry  1927 

Bhat  19U9 

Pfuhl  1902 

n e 

Panja  19li.5 

Bhat  19l;9 

Stever  191il 

goos 

Sh.  parad7senteriae 
Alcvunin  bails,  17-200 
Frozen  esRS.  -90 

1 d.  or  1 mo. 
3 mo. 

Frost  1905 

Hartsell  1951 

JilSf 

Sh.  dysenteriae 

Bacon  and  sausaae.  R.T. 

>3  wk. 

Buchanan  1918 

SSRIals 

Sh.  dysenteriae 

Bread  after  baking,  R.T. 

Crust  of  rye  bread 

see  " R.  T. 

Bread;  rice,  17-20C 

" R.T. 

Sh.  paradysenteriae  (Flexne 

30  hr. 

20  d.  alive 
66  d.  dead 

I d.  or  1 mo. 

II  d. 

:) 

Alves  1935 

Bachmann  195-3 

H W 

Frost  1905 

Stanley  1930 

Alves  1935 

Bachmann  1943 

«i  m 

n n 

30  hr. 

23  d.  alive 

kS  d. 

Over  Krovm  with  spores 

VEGETABLES 

Sh.  dysenterlae 

Soy  bean  sauce,  25-17C 
« « ” 36-380 

Wang  19li5 

« « 

FRUITS 

Sh.  dysenterlae 
Orange  Juice,  -1|.0C 
Sh.  paradysenteriae  (Sonne) 
Tomato  surface 

170  hr. 
1{.8  hr. 

Beard  1932 

Johnston  1935 

II-- ' 


TABLE  (CONT'D)  THE  SURVIVAL  OP  SHIOBLLA  SPECIES  IN  POOD 
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TABLE  /V/  THE  SURVIVAL  OP  STREPTOCOCCUS  SPECIES  IN  POOD 


Paotor(B) 


Survival 


Referanoa 


MILK 

Straptoooocus  eremorls 


ariiizad  miiK, 
Straptoooeous  feoalls 


an 


Strajptococous  a 


Milk,  loe  box 
Sour  milk,  30G 
Dried  milk 


Cultures  55* 

Milk  of  resistant  cow 

Boiled  milk  of  realstani 
oow 

Milk  of  young  cow  early 
In  first  lactation 
period 

Boiled  milk  of  same  cow 

Preahly  Isolated  strains: 

Milk  of  resistant  oow 

Boiled  milk  of  reslstan' 
oow 

Raw  milk  of  young  oow 
early  In  first  lacta- 
tion 

Boiled  milk  of  same  oow 


2 d. 


Mattick 


Young  cells  more  reals-  Stark 

tant  than  mature 

Recov.  1|.  hr.  Belln 

17  d.  Berry 

1|.8  hr.  Davis 

The  lower  the  humidity  Watts 

the  longer  the  sur- 
vival 

Inoo.  6336,  Recov.  9185 » McCullough 
8 hr. 

Inoo.  7260,  Reoovi?  20160  " 

8 hr. 

Inoo.  5356,  Recov.  22k(»k  * 

8 hr* 

Inoo.  5068,  Recov> 36992  " 

8 hr. 

Inoo  7168,  Reoov.  1|.1320  * 

8 hr. 

;Inoc.  7296,  " >16588  " 

0 lix* 

Inoo.  1344 » Recov.  19120  * 

8 hr. 

Inoo*  1197,  Recov .>30538  * 

8 hr 


1929 


1933 

19:7 


1945 


Streptoooocus  pyogenes 
Butter 

Llmburger  cheese,  mois- 
ture content  42.8 
Llmburger  cheese,  mois- 
ture content  49*3 
Cheddar  cheese,  cured  at 

45P 

Cottage  cheese,  low  temp. 
Streptococcus  feoalls 
Cheddar  cheese,  50P 


Streptococcus  spp. 

feutter,  from  infected  cow, 
salted 

Butter,  from  Infected  cow, 
unsalted 


17  d. 

28-51  d. 

9-14  d. 

^16  wk. 

I 

Not  recovered 

Inoo.  300/ml.  Recov.  llx 
106  /ml,  180  d. 

Inocj  300/ml,  Recov.  13x 
106/ml,  180  d. 


Berry 

Yale 


llxlKoalkowsky  1948 


6 mo. 
6 mo. 


Bryan 


1944 


TABLE  £//  (CONT»D)  THE  SURVIVAL  OP  STREPTOCOCCUS  SPECIES  IK  POOD 


Factor(s) 

DAIRY  PRODUCTS  (oont’d) 
Streptoooeeus  spp. 


Lce  orean 
"at  20C 

« « « 26c 

" " refrigerator 

" " R.  T. 


" " Incubator 

ns 

Streptoooeeus  spp. 

Whiter  50C 

Streptoooeous  pyogenes 
Sausage,  4 d.  drying 

Lobster  meat 

Streptoeooeua  vlridans 
Pocted  meat 

SSEfASEES 

Streptococcus  feealls 
■■  Veg.-;  


Survival 


Reference 


16  d.  Davis  1914 

No  growth  " " 

Orowth  in  20  hr.  " " 

Inoo.k5»  Reeov.  12  hr.  Pennington  1907 
34.095  org. 

Inoo.  70,  Reeov.  34,491. 

12  hr. 

Inoe.  18,  Reeov.  8S844»4i  **  * 

12.  hr. 


leeov.  6,  4 hr. 


L3  d.  {Mueller-Claus 

1938 

tay  remain  alive  in  salad  Seamman  1927 
a considerable  time 


iBelln 


Inoo.  30-5000/tjcm,  neat. 


Reeov.  30x10°  org«  60d.Surgella 

^eoov.  89^  out  of  70  in  Burton 
1 yr. 


1949 


■ff* 


THE  SURVIVAL  OP  VIBRIO  SPECIES  IN 


TABLE 


Faotor(s) 


MILK 

Vibrio  comma 


boiled  and  uncover- 
ed 

Sour  milk  and  cream 
Milk,  7-22C 
Sterile  milk,  22C 
• • 35c 

” * 62-70C 

vibrio  comma 
Curds 
Cheese 

Butter,  R.T. 

* 37.5c 

Curds,  35c,  weakly  acid 

wi«y»  35c,  " " 

Cheese,  35C 
Cheese 

Butter  (English),  15C 

e « 3C 

Sweet  and  sour  curds, 
pH  ii.2-li,7 


Siirvlval 


11- 63  hr. 

6-8-hr. 

5- 8  d. 

Lethal  effect 
6 d* 

6- 9  hr* 

12- 24 

1 d« 


Do  not  sxirvlve 
8-15  hr. 

21  d. 

32  d. 

0 d. 

2 d. 

1 d. 


14-5  wk. 
i >38  d. 


Vibrio  comma 

Salted  salmon  eggs,  23- 

33c 

Grey  mullet  eggs,  23-33C 
Cod  eggs,  23-33C 
Salted  sea-urchin  eggs, 

, 23.-.33C 

2at 

Vibrio  comma  ; 

Fish  cooked  in  acid 

" boiled  In  salt  water | 

" washings  j 

Sterile  fish  washings 
" " extract 

Salted  fish  cooked 
* " uncooked 

Uncooked  small  srlmp 
Cooked  * " 

Fresh  cattle,  blood  sau- 
sage, ham  broth 
Heat 
Fstf 

Salmon  skin  22.5-33C 
" ventral,  22*5-330 
" flesh,  22*5-330 


>38  d* 

>.98  d. 

Inoc.  4 drops  cult., 
Reeov*  0,  5 min* 


Inoc.  O.lcc.,  Recov.  0, 

2 d* 

Inoc.  O.lcc*,  " " 

3 d. 

Inoc.  O.lcc.,  Recov.  0, 
>8  d. 

Inoc.  O.lcc.,  Recov.  0, 
12  hr* 


4 d* 

6 d. 
<1  d. 
6 d* 

125  d. 

1 d* 
<1  d* 
6 d* 

4 d* 

45  wk* 

Well 
Poor 
18  hr* 
18  hr. 
18  hr. 


Reference 


Alessandrlnl 

« 


Grattan 

Helm 

Lazarus 


Bhttt 

Genevray 

Grattan 

Helm 

Hesse 

Pulllnger 


Panja 


1939 

1889 

1890 

«i 

n 


1949 

1938 

1939 

1889 

fi 

m 

« 

1889 

1938 

It 

1945 


TABLE  (OONT’D)  THE  SURVIVAL  OP  VIBRIO  SPECIES  IN  POOD 


Factor(s) 

Survival 

Reference 

liaAt  tcorit»dJ  "■ 

Vibrio  comma 

Salmon  s^In  (star.},  23- 

26  hr. 

Tetsumoto  193( 

330 

Salmon  ventral  flesh  (ate 

9 19  hr. 

If  n 

22.5-330 

Salmon  flesh  (ster.). 

20  hr. 

n If 

22,5-330 

Trout  skin,  22.5-330 
" ventral  flesh,  22.5 

26  hr. 

ft 

ff  ff 

1 

330 

18  hr. 

If  fl 

Trout  flesh,  22.5-330 

18  hr. 

If  ff 

" skin  (ster.),  22,5- 

25  hr. 

n fl 

330 

■l8  hr. 

Trout  flesh  (ster.),  22.5 

ft  ft 

330 

CD 

• 

Aramahl  salmon  skin,  22.5' 

ff  ff 

330 

26  hr. 

Aramahl  salmon  flesh. 

fl  If 

22.5-330 

Cod,  22.5-33C 

8 hr. 

fl  fl 

Ham,  " " 

26  hr. 

ff  11 

Yellow  fish  akin,  22. li.- 

27  hr.  1 

If  If 

Yellow  fish  flesh,  22.5- 

27  hr. 

ff  ff 

330 

Maokeral  skin,  22.5-330 

27  hr. 

If  ff 

" flesh,  " " 

25  hr. 

ff  ff 

• pike,  " " 

26  hr. 

If  It 

Sardine,  22,5-330 

25  hr. 

If  ff 

Sea  bream  akin,  22.5-33C 

36  hr. 

fl  fl 

" “ flesh,  ” " 

32  hr. 

If  ft 

Horse  mackeral,  **  * 

38  hr. 

If  « 

Plying  fish  1 

38  hr. 

11  If 

Baoon 

40  hr. 

fl  w 

Tuna  1 

2 d. 

If  fl 

Sword  fish 

3 d. 

If  « 

Trout 

2 d. 

If  ft 

Shrimp 

3 d. 

ff  If 

Salted  cod,  16-27.50 

Reoov.  0,  12  hr. 

ff  ff 

’’  salmon,  16-27.50 

" * 36  hr. 

fl  fl 

Aramahl  salmon  flesh,  16- 

* « 25-40  hr. 

If  If 

27.50 

Mackeral,  16-27.50 

If  If  11  M N 

« ff 

Sardine,  * ** 

ff  If  ff  fl  ft 

fl  fl 

Plying  fish 

fl  If  ft  If  « 

« fl 

Sardine  (oiled),  19-34*50 

Inoc.  O.lco,  Reoov.  0, 
33  d. 

If  ft 

* (tomato),  " ** 

Inoo.  O.lco,  Reoov.  0, 

31  d. 

fl  If 

" (yamatoni),  19- 

34.5  0 

Inoo.  O.lco,  Reoov.  0, 
20  d. 

fl  fl 

TABLE  (CONT’D)  THE  SURVIVAL  OP  VIBRIO  SPECIES  IN  POOD 


Pactoi*(s) 

Survival 

Reference 

MEAT  (oont'd) 

Vibrio  oonma 

Bolnto  (yanatonl),  19- 

Inoo.  O.lcc,  Recov.  0, 

Tetsumoto  1930 

35.5c 

6 d. 

Salmon,  19-3l|.<n 

Inoo.  O.lco,  Recov.  0, 

tf  It 

27  d. 

Whitebait,  19-  34^0 

Inoo.  O.lcc,  Recov.  0, 

If  ff 

19  d. 

Crab,  19-31|..5C 

Inoo.  O.loo,  Recov.  0, 

« If 

18  d. 

Shrimp,  19-3i4-«5C 

Inoo.  O.lcc,  Recov*  0, 

ff  tf 

13  d. 

Sea-ear,  19-314.^  C 

Inoc.  O.lcc,  Recov.  0, 

ft  ft 

25  d. 

Scallop,  " " 

Inoo.  O.lcc,  Recov.  0, 

ft  ft 

22  d. 

Beef  yamatonl,  19-3i4-.5c 

Inoc.  O.lcc,  Recov.  0, 

It  ft 

12  d. 

Cuttle  fish,  22. 5-27. 5C 

Inoo.  O.lco,  Recov.  0, 

ft  ft 

5 hr. 

Pukujinzuke,  19-3U*5C 

Inoc.  O.lcc,  Recov.  0, 

ft  ft 

6 hr. 

Control  In  saline,  19- 

Inoo.  O.lcc,  Recov.  0, 

tf  It 

3i^.5C 

6 d. 

Pish,  5C-13C,  nstural 

8 d.  - 2 wk. 

Tohyama  1925 

oysters  and  clans. 

22C,  ster.  with  steam 

Oysters  and  clams,  0-5C 

40  d. 

ff  fi 

Fish  meat,  80C 

2 min. 

ft  If 

" " 70C 

3 min. 

ft  ft 

" " 60C 

7.5  min. 

ft  If 

" " hottest  day 

7-10  d. 

It  fi 

" « 3-8C 

2 wk. 

It  n 

sAtJdE^ 

Vibrio  comma 

Nudu-mam  sauce 

6 hr. 

Gene vr ay  1938 

Srimp  past 

6 hr. 

If  ff 

Fermented  soy  sauce 

<1  hr. 

ft  If 

Soy  bean  sauce,  25-17C 

Inoo.  1 loop,  Recov.  0, 

Wang  1945 

>24  hr. 

• " « 36-38C 

Inoc.  1 loop,  Recov.  0, 

«i  If 

1^24  hr. 

CEREAL 

Vibrio  comma 

So7  bean  milk 

8-15  hr. 

Genevray  1938 

V^iotoABtfeS 

Vibrio  comma 

Potatoes 

4-5  wk. 

Hesse  1889 

VeK. 

Well 

Lai  1926 

FRUITS 

Vibrio  comma 

Watermelon,  pE  4*7 

4 d. 

1 Bharucha  1938 

TABLE  (CONT'D)  THE  SURVIVAL  OP  VIBRIO  SPECIES  IN  POOD 


± 


Paotor(s) 

FRUITS  (oont’d) 
Vibrio  oo^a 
1(/atennelon 
Or ape a 


Inoo. 

i|.  d. 


Survival 


artificial. 


Berries  (Inside) 

Or ape  stems 
Or apes  (Inside) 

ito.,  PH  44 

Vibrio  comma 
^uman  food 
Vibrio  sp. 

•~5k'lm  milk,  frozen, 
at  100m,  press. 


2k.  hr. 
12  d. 

2k  hr. 
30  min. 


6 d. 


dried 


681  d. 


Reference 


6 d. 


Bharucha  1936 
Dobrosklonsky 

1911 


It 

II 

It 


II 

n 

II 


Pan,1a 191iB 


Vasquet-Colet 

192I1. 

Stockton  1950 


TABLE 


THE  SURVIVAL  OP  VIRUS  IN  POOD 


Pactor(s) 


Survival 


Reference 


MILK 

Polio  virus 


Foot  and  mouth  disease  vlru 


Lawson 


Jansen 


Kiln 


191^7 


Newcastle  disease  virus  I 

up  to  126  d. 

" " 235  d. 

255  d. 

538  d. 

cken  eggs«  in  dry  statb  Active  at  3593  d. 
Duck  eggs,  «t  « « n « 3.928  d. 

Plseon-pox  virus 

" " 3605  d. 


1099  d. 


6 hr 


Foot  and  mouth  disease  vlru 


Foot  and  mouth  disease  vlru 


hay,  R.  T. 
Bran',  R.  T. 

Ray  and  bran,  dried 
Hay  (saliva  on  It) 
N.  d.  virus 


3 

20-3OC 
1 


3-60  and 


15  wk. 

20  wk. 
15-20  wk. 
>1  mo. 

56  d, 

9l|.  d. 

172  d. 

>538  d. 


Olesluk 

It 


Beaudette 

It 


Anon. 

« 

Burbury 

Krueger 

Olesluk 

It 


1951 


1948 

« 


Morgan 


Henderson  19li8 


1927 

11 


1951 


Polio  virus 


and  veg.  I Present  — - 


Oebhart  19l|.6 


TABLE  THE  SURVIVAL  OP  YEAST  AND  MOLD  IN  P 


Paotor(s) 

MIUC 

Yeast 

Milk,  -21  to  -78c 


dairy  ^ftODtfifB 

Mold 

fJargarine 

Yeast 

"ITStp  larlne 

A^EOfePABLBS 

Mold 

Veg, , frozen 
" below  freezing 
Yeast 

- frozen 

JWiTS 

Mold 

Prult  Juices,  -23 *30 
Good  oranges,  17*8c 

Soft  rotten  oranges,  17t8l 

Strawberries,  -9.14.0,  seal 
ed  tins 
Yeast 

(Hood  oranges,  17.80 
Soft  rotten  oranges, 

17.80 

Orape  Juice,  freezing 
Strawberries,  -9.1|.C,  seal' 
ed  tins 


Survival 


Reference 


Inoo.  100,000/ml. , more  Lund 
resistant  to  freezing 
than  thawing 


Viable  li.2^ 


90jg  killed 
16  no. 

905g  killed 


Foltz 


Magoon 

Tanner 

Magoon 


3 yr«  Tanner 

Inoc,  10,900/co,  Reoov.  Wolford 
2,600/oc,  7 mo. 

Inoo.  26,500, OOO/cc, 

Recov.  990,000/cc,8  mo  " 

• 3 yy.  Smart 

Inoc.  10,900/cc,  Recov.  Wolford 
2,600/co,  7 mo. 

Inoo.  26,500, OOO/cc, 

Reoov.  990, OOO/cc, 0 mo  " 

16  wk.  Tanner 

I-  3 yx*.  Smart 


1951 


1932 

1931 


19^^ 


1934 


1948 


1944 

1934 
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THE  SURVIVAL  OP  BACILLUS  SPECIES  IN 


Pactor(s) 

Survival 

Reference 

BEDBUGS 

B.  anthracla 
Stomach 
13-17C 
37C 
Peeea 

of  bedbugs 

exptls  I4.8-96  hr. 

2l4--li.8  hro 

" 1st  21;  hr,  after 

feeding 

Nut tall 

1899 

Feces 

of  Dermestes  vulpinus 

present 

Proust 

1891+ 

BEETLES  f 

B.  anthradjAs 

intestinal  tract 
of  Blaps  mucronata 
Tentyrla  sp, 
Pimella  bifurcata 
" sardea 

present 

Cao 

1898 

Surface 

Peces 

of  Ptlnus  ap. 

Attagenns  pelllo 
Anthrenua  museorum 

present 

n 

Matheson 

i?5o 

iofl^ROACHfeS 
B,  anthracla 

Intestinal  tract 

of  Blatta  orlentalls 

1 

present 

1 Cao 

1898 

Peces 

of  Blatta  orlentalls 

present 

1 

1 Kuster 

1902 

B.  subtil Is 

Feces  • 

1 

present 

! ’ V 

* of  Blaberus  cranifer 

V.'edberg 

I9i;9 

B.  cereus 

lm.Blaberus  cranifer  , 

present 

Wedberp, 

1949 

Ptlfis  f 

B.  anthracla  ! 

Stomach 
Intestines 
of  flies 

present;  transmitted 

ti  11 

Bollinger 

1871; 

Intestinal  tract 

of  Musca  dopiestlca  ; 

Calllphora  vomitorla  ! 
Lucllla  caesar 
Sarcophaga  carnarla 

sur<rived  through  life 
cycle  and  9 d after 
maturity 

Cao 

1906 

In  Calllphora  erythrocsph- 
ala 

Lucllla  caesar 

survived  through  life 
cycle  an#*15>  d after  | 
maturity  j 

Matheson 

1950 

‘ in  Tabanus  strlatus 

exptl;  present;  trans- 
mitted 

Mitzmain 

1911; 

Cut 

Fttces 

present;  transmitted 

17 

o,t  ruo- 


Schuberg 


1912 


TABLE  iSJ (CONT'D)  THE  SURVIVAL  OP  BACILLUS  SPECIES  IN  INSECTS 


Factor (s) 

Survival 

Reference 

PLIES  (cont’d) 

B,  anthracls  fcont’d) 

In  Muaca  domestlea 

Calllphora  erythroceph- 
ala 

Feces 

or  Stomorrys  rnloltrans 

exptlj  present;  trans- 
mitted 

exptl;  present;  not 
transmitted;  72  hr. 

Sen 

1944 

B.  oei'ous  * ' . ■*  ' 

Feces 

of  Musca  domestlca 

present 

Hawley 

19^1 

B.  mepcatharium 
Feces 

of  Musca  domestlca 

present 

Hawley 

1951 

?IClfg 

B.  anthracls 

In  Argas'  per s leu s 

present;  transmitted 

Delpy 

1937 

Intestines 

Feces 

of  Argas  perslcus  j 

Indefinitely 
at  least  100  d 

Hindi  e 

1925 

Intestines 

of  Boophllus  decoloratus 

1 

2k  hr. 

Martlnaglla  1932 

‘I  ‘ • 


TABLE  vS.  THE  SURVIVAL  OP  BORRELIA  SPECIES  IN  INSECTS 


— — — 1 

Pactor(s) 

Survival  ^ 

Reference 

BEDBUGS 

B.  recurrentis 

in  fCimex  lectularia 

exptl;  present;  not  able 
to  transmit  by  bite 

Francis 

1938 

In  Clmex  lectularis 

exptl;  present;  not  able 
to  transmit  by  bite 

Rosenholz 

1927 

Licte  . 

B.  recurrentis 
Tissues 

of  Pedlculus  corporis 

life  of  louse(19  d or 
more ) 

Chung 

1936 

In  monkey  louse  - Pediel- 
nus  longiceps 

exptl;  present;  not  able 
to  transmit 

Francis 

1938 

Gut,  ovaries,  testis  and 
malpighlan  tubules 
of ' J^edlculus  capitis  and 
corporis 

present 

% 

Mackie 

1907 

Cb  lice 

exptl;  present;  18  d 

Wolman 

1945 

B.  persloa 
T^sues 

of  Pedlculus  corporis 

present;  transmitted 

Adler 

1942 

REDuWiSs 
Bo  duttonll 

iMestinal  tract 

of  Trifttoma  infestans 

exptl;  present;  6 d 

Llem 

.1941 

B.  recurrentis 

in  Ornlthodoros  turicata 

present;  transmitted 

Burroughs 

1944 

Starved  $ yr«  after  an 
infectlvaSi'meal 

exptl;  S yr. ; trans- 

« 

1 meal  in  6^  yr. 

in  Ornlthodoros  turicata 

mltted 

exptl;  6^  yr.|  trans- 
mitted 

Francis 

1938 

in  Ornlthodoros  tholozanl 

present;  transmitted 

.Ramble  s 

1948 

in  " paplllipes 

n n 

Pavlovskll 

1945 

in  " tholozanl 

n ti 

Pavlovskll 

1946 

in  " paplllipes 

" tartakovskyl 

exptl;  134  d;  trans- 
mitted 

Sofiev 

1946 

in  " moubata 

” savlgnyl 

**  talaje 

" rudis 

" turicata 

" hermsl 

" parkeri 

" erratious 

” tholozanl 

" tartakovskyl 
" nerensis 

present;  transmitted 

Steinhaus 

1947 

In  " turicata 

present;  transmitted 

Weller 

1930 

in  ” turicata 

present;  transmitted 

Visseman 

1945 

TABLEb^  (CONT»D)  THE  SURVIVAL  OP  BORRELIA  SPECIES  IN  INSECTS 


Pactor(a) 


Survival 


TICKS(oont»d) 

B.  duttonll 

in  Ornlthodoros  moubata 
In  " " 

B.  duttonll  var,  croclduraa 
In^Orhlthodorba  orratlcua 
B»  hlapanloa 

In  Ornlthodoroa  orratlcua 
In  Rhlpleophalua  aanguln- 
eua 

B«  anaerlna 

In  Argaa  persicua 
" refloxua 
Ornlthodoroa  moubate 
B,  thollerl 

iri  Margeropua  docoloratus 
Rhlpleophalua  avortai 


proBont;*  transxaltted 
proBont 

proaont;  tranamlttod 
proaontj  tranamlttod 
oxptlj  present 

Proaontj  transmitted 
present;  tranamlttod 


Roforonco 


Dutton 

Rosa 

190^ 

1904 

Bolron 

1949 

Bolron 

1948 

Soargont 

1938 

Stelnhaus 

1947 

Stelnhaua 

1947 

TABLE rjl  3 THE  SURVIVAL  OP  BRUCELLA  SPECIES  IN  INSECTS 


A 

^ Pactor(s) 

Survival 

Reference 

BEDBUGS 

Brucella  sppo 
Feces 

of  bedbupis 

>3  mos.j  not  trans- 
mitted by  bite 

Tovar  1947 

^CKROACHES 
Bo  abortus 

Intestinal  tract 

of  Periplaneta  americana 

24  hrso 

Ruhland  1941 

Pt^AS 

Brucella  spp. 
Peces 

of  fleas 

present;  not  transmitted 
by  bite 

Tovar  1947 

B.  abortus 
in  fl  les 

Intestinal  tract 

24  hrs.  * 

>96  hrs. 

Patton  1931 

Ruhland  1941 

tftCKS 

Brucella  sppe 
Feces 

of  ticks 

• 

• 

>3  nofl. ; transmitted  by 
bite  end  transmitted 
to  eggs  and  larvae 

j 

Tovar  1947 

TABLE ^ V THE  SURVIVAL  CLOSTRIDIUM  SPECIES  IN  INSECTS 


Pactor(s ) 


BEETLES 
C.  ^etani 
Paces 

of  Blapa  inucronata 
Tentyrla  sp. 
Pimelia  bifurcate 
” sardea 
C»  chauvoel 
Pecea 

of  Blaps  inucronata 
Tentyrla  sp. 
Pimelia  bifurcata 
” sardea 

C.  sporogenea 
Pecea 

of  Blaps  inucronata 
Tentyrla  sp. 
Pimelia  bifurcata 
!'  sardea 


C.  tetanl 
Peces 

of  Blatta  orlentalls 
C.  sporofienea 


eces 

of  Blatta  orlentalls 
C.  chauvoel 


Feces 

of  Blatta  orlentalls 


— ■ ■ ■ 1 . 

1 

! 

Survival 

Reference 

present 

Cao 

1906 

present 

- !V 

Cao  ''.t- 

-v-1898 

present 

Cao 

1898 

present 

, 

Cao 

1906 

present 

m ... 

Cao 

1898 

present 

Cao 

1898 

W •• 
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THE  SURVIVAL  OP  COLIPORM  ORGANISMS  IN  INSECTS 
(ESCHERICHIA,  PARACOLOBACTRUM  k AERODACTER) 


Pactor(s) 


BEETLES 
E»  coll 
Peoea 

of  Blaps  tnucronata 
Tfentyrla  sp. 
Pimelia  bifurcata 
” aardea 


COCKROACHES 
E.  coll 
Paces 

of  Blatta  orlentalls 
Legs  and  feces 

of  Blatta  orlentalls 
Intestinal  tract 

of  Blattella  germanica 
E.  coll  var.  conmnnlor 
Peces 

of  Blaberus  cranifer 
E.freundll 
Faeces 

of  Blaberus  cranifer 

Hr  Perlplaneta  amorlcana 

Paracolobactrum  ap. 



of  Perlplaneta  americana 
Peces 

of  Blaberus  cranifer 
At  aeropienes 
Peces 

of  Blaberus  cranifer 
in  cockroaches 
At  cloacae 

in  coclcroache s 

Atsppt 

Hlnagut 

of  Perlplaneta  americana' 


Survival 


Reference 


present 

present 

present 

present 

present 

present?  transmitted 
j present}  transmitted 


E.  coll 
Peces 

of  Musca  doxneetica 

Calllphora  vomltoria 
Luollia  caesar 
Saroophaga  carnarla 
Intestines 

of  Musca  domestics 
Body 


^ of  ^f  lies 


present 

present 

present 

present 

present}  transmitted 


present 

present 

Inoc}  fed  a suspension 

of  12,000-14.8,000 

organisms 

Rocov;  multiplied  in 
body 
present 


TABLE  (CONT'D)  THE  SURVIVAL  OP  COLIPORM  ORGANISMS  IN  INSECTS 

(ESCHERICHIA,  PARACOLOBAC'i'RUM  fic  AEROBACTER) 


TABLE 


THE  SURVIVAL  OP  CORYNEBACTERIUM  SPECIES  IN  INSECTS 


Pactoi*(s) 


BEETLES 

C«  pseudodlphtherlcum 
Intestinal  tract 
Tontyria  sp. 

Blaps  mucronata 
Pimelia  bifurcata 
" aardea 


mourn 


jseudodiphthericxom 


Intestinal  tract 

of  Blatta  orlentalis 
C . diphtherias 


Legs  and  reces 

of  Blata  orlentalis 


FLIES 

C,  diphtheriae 
Legs  and  wings 
Intestines 
Peoes 

of  Kusca  dowestlca 

Calllphora  erythio- 
cephala  "x 

Intestinal  tract 
of  flies 


Survival 


present 


present 


exptl;  few  hrs« 

» >24  hrs, 

" 51  hrs . 


exptl j 24  hrs, 


Crsdiam-Sinlth  1910 
Or ah am -Smith  1913 


TABLE  ^ 7 THE  SURVIVAL  OP  DIPLOCOGCUS  & S^PTOCOCCUS  SPECIES 

IN  INSECTS 


Factor(s) 


COCKROACHES 

Dlplococcus  pnetiinonlae 


egs  and  feces 
of  Blatta  orientalis 
Streptococcus  faecalis 


nentary  tract 
of  Blattella  Rormanica 


Dlplococcus  pneumoniae 
Intestinal  tract  ’ 
of  fleas 


Streptococcus  faecalis 


Intestinal  tract 
of  Musca  domestics 
Intestinal  tract 
of  Musca  domes tic a 
Intestinal  tract 
of  Musca  domestics 
Streptococcus  ecuinus 


Intestinal  tract 
of  Musca  domes tic a 
'Streptococcus  sp. 

" rn'TlTel ^ 

Streptococcus  pyogenes 
in  pfusca  dome  Stic  a ' 
Externally 
of  flies 

Streptococcus  agalactiae 
in  Musca  domestlca 
in  " " 

[JTcS 

Dlplococcus  pneumoniae 

F||es 

B^edlculus  capitis 

StrepeWoccus  faecalis 
in  Trlatoma  inf es tans 


Survival 


■ri  u:? 

]^resent 

present 


present 


2I4.  hrs. 


present;  transmitted 


Reference 
Longfellow  1913 

}' . 

Stelnhaus  I9I1I  1 


Pinto 


1930 


Cox 

1912 

Scott 

1917 

Torrey 

1912 

Torrey 

1912 

S chub erg 

1914 

Scott 

1917 

Shooter 

1944 

Ewing 

Saunders 

1942 

190k 

Brecher  1944 


r,.-  .. 


TABLE  ” THE  SURVIVAL  OP  FUNGI,  YEASTS  & MOLDS  IN  INSECTS 


Pactor(s ) 
COCKROACHES 


Survival 


Reference 


Rhlzopua  nigricans 

^enlcilliuin  3PP« 

l^accharomyces  cerevlaiae 

Actinomyces  spp, 

^ 

Y'easts 
. AFI'b'Ss 

''of  Blaberus  cranifer 
Torula  roaea  (yeast) 


Wedberg  19i|-9 


Fecesj 

of  j^aberus  cranifer 


exptl ; 

Inoc:  massive  doses 
Recov!  present 
6 d 


Wedborg  19l^-9 


Torula  sp. 

in  Periplaneta  americana 


present;  transmitted 


Owen 


19lf8 


^ ^ the  SURVIV;\L  OP  P^LEOMYCES  MALLEI  IN  INSECTS 

.1; 

:A 


Pactor(s) 

...  . .jgL 

a Survival 

i 

Reference  ■ 

BE^ES 

Mi'iTnallei 

Pecea 

of  Blapa  mucronata 
Tantyrla  sp, 
Flmelia  jj||lfurcata 
” <^rdea 

t 

present 

1 

r 

Cao  1898  ^ 

(SOCKROACHES 
Mo  mallei 
Feces 

of  Blatta  orientalls 

present 

Cao  1898 

FLEAS 

Mo  pseudomallei 
Body 
Feces 

of  Xenopsylla  cheopia 
in  rat  fleas 

50  dj  transmitted 
present;  transmitted 

exptl;  present;  trans- 
mitted 

■3 

Blanc  19UI  ^ 

Blanc  19ll2  1 

Ntosciuia?oEls 

Mo  paeudomallel 
in  Aedea  egyptl 

• 

C 

exptl;  present;  trans- 
mitted 

• 

■;< 

Blanc  1942  1 

1 

'■! 

' 

1 

1 «l 

!l 

! 4 

- i 
) 

■ -4' 

f? 

J 

i 

■; 

1 ^ 

' 

-X 

' Ji 

1 

■ ; 

<i:  -f-  <«...- 


TABLE  ^/d  THE  SURVIVAL  OP  MICROCOCCUS  SPECIES  IN  INSECTS 


Pactor(a) 

Survival 

Reference 

BEETLES 

M.^Albua 

Intestinal  tract 

present 

, 

1906 

of  Melolontha  vulgaris 

Cao 

M.  aureus 

Intestinal  tract 
■•■of  Melolontha  vulgaris 

present 

Cao 

1906 

M*  citreua 

Insestinal  tract 

of  Melolontha  vulKaris 

present 

Cao 

1906 

355!cR0AclHtes 
M.  albus 

in  Blattella  germanlca 

present 

Herms 

1939 

in  Blaberus  cranlfer 

present 

Wedberg 

19lj.9 

M*  aureus 

Antennae,  feet  and  stomach 
of  Blattella  germanlca 

present 

« 

Herms 

1939 

Legs  and  feces 

of  Blatta  oriental is 

present 

Longfellow 

1913 

Feces 

of  Blaberus  cranlfer 

present 

Wedberg 

1949 

Mo  citreus 

tegs  and  fed@s 

of  Blatta  orientalis 

present 

Longfellow 

1911 

PLIES 
Mo  albus 
iSxternal 
of  flies 

present 

Scott 

1917 

External 
of  flies 

present 

Torrey 

1912 

in  tabanid  flies 

present 

Joly 

1898 

Mo  ai7.reus 
Peoes 

of  Musca  domestioa 

present 

Celll 

1888 

Feces 

of  Musca  domestics 

present 

Hawley 

1951 

• in  tabanid  flies 

present 

Joly 

1898 

Feet 

of  flies 

present 

Scott 

1917 

M.  aureus.  6ll 
Gut 
Feces 

8 d 

3-5  d 

Moorehead 

1946 

Mo  citreus 

Body  and  feces 
of  flies 

survived  through 'life 
cycle  and  9 d after 
maturity 

Scott 

1917 

M.  sup. 

in  Musca  domestics 

1 

present 

Cox 

1912 

Sarclna  lutea 
Feces 

of  Musca  domestics 

present 

Hawley 

1951 

LICE 

Ho  uemphlgicontagiosa 
in  Pediculus  capitis 

present;  transmitted 

Dewevre 

1892 

TABLE  (CONT'D)  THE  SURVIVAL  OP  MICROCOCCUS  SPECIES  IN  INSECTS 


TABEB^O  Jj  THE  SURVIVAL  OP  MICROOROANISMS  IN  INSECTS 


Pactor( a) 

Survival 

Reference 

Klabalella  oneunonlae 
Face  a 

of  Blapa  mucronata 
Tentyrla  ap. 
Flmslla  blfurcata 
IT  " ■ sardea 

preaent 

Cao 

1898 

SSofRoACHES 
Kiebalella  oBaumonlae 
Face  a 

of  Blatta  orlantalla 

present 

Cao 

1898 

Protaus  vulaarla 
Hlndgut 

of  Farlplaneta  amarlcana 

present;  transmitted 

Bitter 

1949 

Laga  and  facaa 

of  Blatta  orlantalla 

present 

Longfellow 

1913 

Facaa 

present 

1949 

of  Blaberua  eranlfar 

Wedberg 

Protaua  morttanll 

Protaua  mlrabllla 

Proiioua  ratt«eri 
— 

of  Farlplaneta  amarlcana 

present;  transmitted 

Bitter 

1949 

Paaudomonaa  aari;u*lno8a 
Hlndgut 

of  Farlplaneta  amarlcana 

present;  transmitted 

Bitter 

1949 

Facaa  1 

of  Blaberua  eranlfar 

present 

Wedberg 

1949 

Sarratla  marceacana 
Facaa 

of  Blaberua  eranlfar 

exptl;  duration  of  life 
of  roach 

Vedberff 

1949 

Plies 

Nalaserla  Konorrboaaa 

Feat 

of  fllaa 

3 hra. 

Ms  the eon 

1950 

Nalaaerla  menlnfdtldla(ln> 
tracellularia; 

In  fllea 

present 

MacGregor 

1917 

Protaua  vulKarla 

Pecea 

of  Mucaa  domeatlca 

Calllphora  vomltorla 
Lucllla  caeaar 
Sarcophaga  carnarla 

present 

Cao 

1906 

In  Muaca  domeatlca 

preaent 

Stott 

1917 

Protaua  morRanll 

Facaa 

of  Muaca  dpmeatlca 

preaent 

Hawley 

1951 

in  Muaca  domeatlca 

preaent 

Morgan 

1909 

Inteatlnaa 

of  Muaca  domeatlca 

preaent 

Nleoll 

1911 

In  Muaca  domeatlca 

preaent 

Cox 

1912 

tabl: 


,gS// 


(CONT'D)  THE  SURVIVAL  OP  MICROORGANISMS  IN  INSECTS 


Factor ( 


PLIES  (cont'd) 

Faeudomonaa  aeruginosa 
Intestinal  tract 
, of  Musoa  domestica 
Paces 

of  Muse a domestica 

Calliphora  vomitoria 
Luc^H^a  Caesar 
Sareophaga  carnaria 

Out 

of  Stomoxys  calcitrans 
Intestinal  tract 
of  flies 
Pseudomonas  ap. 

of  Musca  domestica 
Serratia  marcescens 
(!jrop 

Intestines 

of  Musca  domestica 
Pupae 

of  Musca  domestica 


Survival 


Reference 


survives  through  fl|ta~ 
morphosisj  tranSfiitted 
present;  survived 

through  the  life  cycle 


present 


[Ca- 

itted  Bacot 


Duncan 


present 


exptl;  large  numbers 
recovered;  d 
exptl;  present;  up  to 
18  d 
1 d 


Hawley 


1911 


1998 

1926 


present;  survives 

through  metamorphosis  Ledingham  1911 


1951 


Graham-Smith  1913 
Ledingham  1911 


It 


TABLE  4 / ^ 


THE  SUR 


AL 


OP  MYCOBACTERIUM  SPECIES  IN  INSECTS 


Pactor( a) 

Survival 

Reference 

BEDBUGS 

. 

M.  leprae 

Intestinal  tract 
of  Clmex  lectularis 

present 

Long 

1911 

Proboscis 
Intestinal  tract 
Feces 

of  bedbuRs 

5 d 

16  d 
present 

Matheson 

bSStEIS 

M.  tuberculosis 
Intestinal  tract 
of  Tentyrla  sp. 

Blapa  mucronata 
Plmelia  blfurcata 
. " aardea. 

present 

1 

Cao 

1898 

floCKRbACHka 
M.  tuberculosis 
Intestinal  tract 

of  Blatta  orientalis 

present 

Cao 

1898 

Feces 

of  Blatta  orientalis 

present 

^ster 

1902 

Fece^ 

of  Briplaneta  ainericana 
Feces" 

of  Periplaneta  ainericana 

present 

Maofle 

1922 

2-5  dj  transmitted 

Riley 

1932 

Feces 

of  cockroaches 

present 

Tejlra 

1926 

M.  leprae 
Feces 

of  Periplaneta  americana 

present 

Macfie 

1922 

Gut 

Feces  - dried 
of  cockroaches 

exptl;  multiplied 
« 169  d 

1 

1 

Moiser 

1945 

Intestines 

of  cockroaches 

present 

1 

Riley 

1932 

in  cockroaches 

present 

Te.llra 

1526 

fEEIS 

M...  leprae 
Stomach 
of  fleas 

present 

Munoz-Rlvas 

1%6 

folili 

M.  tuberculosis 

Intestines  and  feces 
of  Musca  domeatica 

present;  transmitted 

Andre 

1908 

Intestinal  contents  and 
feces 

of  Musca  domestica 

present 

Celll 

1888 

Intestines  and  feces 
of  flies 

exptl;  13  d 

Graham- Smith  191' 

Intestines  and  feces 
of  Musca  domestica 

present 

Hofmann 

1888 

Intestines  and  feces 
of  flies 

present 

Spielman 

1887 

TABLE  ^<L/'V(CONT«D)  THE  SURVIVAL  OP  MYCOBACTERIUM  SPECIES  IN  INSECTS 


Pactor{s)  Survival 

PLIES  (CONT'D)  ~ 

M,  leprae 

Intestinal  tract  and  feces  several  days 
of  Musca  domestica 

Sarcophaga  palliner- 
vls 

Sarcophaga  barbata 
Volencelle  obesa 


Lucllia  sp. 

in  Stomoxys  caloitrans 


resent 

resent 


M«  leprae 

in  Aedes  egypti 
Out 

of  Aedes  egypti 


present 

at  least  2k.  hr.,  not 
after  7 d 


Riley  1938 

St.  John  1930 


r ■ * “ ■ 


TABLE  r4  /3  THE  SUR^VAL  OP  PASTEURELLA  SPECIES  IN  INSECTS 


tabi^Q^/3  (cont«d)  the  survival  op  pasteurblla  species  in  insects 


Pactor(s) 

Survival 

Reference 

FLEAS (oont'd) 

F»  tularonsla 

in  SpllopsylluB  cunlcull 
Tlaauea 
of  fleaa 

In  Ctenocaphalua  pallex 

” oriental! a 

In  CodlonaTlla  almplex 

preaent;^  transmitted 
present 

present;  transmitted 

tf  ft 

Green  1938 

McCoy  1911 

Volferz  1934- 

Waller  1940 

mss — " — — ^ — 

F.  tularenaia 

In  Cnrya'opa  dlacalla 
In  horae-fly,  atable-fly 
and  'I'alnfly 

present;  transmitted 
nreaent 

Francis  1921 

Olacflev  1936 

lice 

F»  tularenaia 
in  lice 

in  Haenodlpua  ventricoaua 
In  Polynlex  aerratua 

present;  transmitted 

II  It 

ti  It 

1 

Davis  1935 
Francis  1922 
Pranxls  1922 

MITES 

P.  tularenaia 

In  Bdellonyaaua  bacotl 

in  Oainaaldaa 

1 

exptl;  present,  trans- 
mitted 

nreaent.  transmitted 

1 

1 

Hopla  1951 

Volferz  1934 

MOSQUITOES 
P.  tularenaia 

P"ec?f  

of  Culex  aploalla 
In  Aedoa  elnereua 
In  moaqultoea 
Inteatlnea  and  fecea 
of  Aedaa  neartlcua 
" vex ana 
" doraalla 
atlmulena 
oaradenala 
Theobaldl  Inddoena 
Culex  taraalla 

present 

present 

present 

present;  transmitted 

! 

iBozhenico  1936 

Olln  1942 

Olsofiev  1936 

PhillD  1932 

TICKS 

P.  neatia 

In  Hyaloioma  volgenae 
P,  aohulze 
£.  achlottke 
In  Argaa  peralcua 
Tlaauea 
of  ticka 
Tlaauea 
of  ticka 
P.  tularenaia 
Tiaauea 
of  ticks 
Tissues 

Ornlthodoros  turicata 
" parkerl 

present:  transmitted 

II  H 

II  II 

II  n 

t 

I 

Present;  transmitted 

exptl;  not  transmitted 
during  feeding 
‘674  d 

701  d 

Borzenkov  1933 

Poddeeva  1932 

Llen-teh  1936 

Matheson  1950 

Davis  1940 

Davis  1940 

TABLEJI  / (CONT»D)  THE  SURVIVAL  OP  PASTEURELLA  SPECIES  IN  INSECTS 


Pactor(s) 

Survival 

Reference 

TICKS  (cont’d)  ^ 

P*  tularensis  (cont'B 
in  Ixodes  riclnus  ^ 

" callfornicus 

present 

Davis 

1937 

Feoes 

of  Dermacentor  andersonl 
in  ticks 

present; 

n 

transmitted 

Francis 

Matheson 

1927 

195'0 

in  Dermacentor  variabllis 

ti 

ti 

Green 

1931 

in  Ornithodoros  lahorensls 

n 

fl 

Kamil 

193B 

in  Dermacentor  occldental- 
is 

M 

ft 

Parker 

1929 

in  Dermac enter 
In  Dermacentor 


andersonl 

varlabills 


survived  life  cycle 
stage  to  stage  and  gen- 
eration to  generation 
survival 


Parker 


Philip 


1924 


I93I; 


TABLE 


z_^ 


THE  SURVIVAL  OP  PROTOZOA  & METAZOA ' IN  INSECTS 


Pactor(a) 

Survival 

Reference 

BEDBUGS 

Trypanosoma  crxizl 
In  Clmex  piloaellua 

exptl J present}  trans- 
mitted 

Wood 

19^1 

CO(^KROAC1^S  ^ 

Endamoeba  histolytica 
Hindgut  and  feces 

of  Periplaneta  amerlcana 

exptl}  cysts  present  for 
, a72  hr. 

Frye 

1936 

Pecea 

of  Periplaneta  amerlcana^ 

^sts  present 

Macfle 

1922 

Glardla  lamblla 

In  t^erlplaneta  amerlcana 

cysts  present 

Macfle 

1922 

Colonic  contents 
of  cockroaches 
Anclyostoma  duodenale 

exptl}  12  d 

Youn^ 

1937 

oeylanlcim 


Necator  ainerlcanus 
Ascarls  iuinbrlco'ides 
Trlchuria  trlchura 
Taenia  aaglnata 
^chlatoaoina  haemotoblum 
Peces 

of  Perlplaneta  amerlcanal 


PLIES 

Chllomaatlx  meanlll 
Pecea 

of  Muaca  domoatica 
Endarooeba  hlatolytlca 
inteatinal  contents" 

of  Chryaoxnyla  megacephal|a 
Lucllla  aerlcata 
Sarcophaga  app. 

In  Muaca  domeatlca 
In  fliea 

Dejecta 

n 

of  Muaca  domeatlca 
Lucilla  pallescena 
Cochllomyla  maoellarl| 
Phormla  reglna 
Sarcophaga  mlserlo 

Crop 
Mldgut 

Eiiternal  aurface 
Me  turn 
V^plt  drop 
Faecal  drop 
of  fliea 
Pecea 

of  Muaca  domeatlca 
Pecea 

of  Muaca  domeatlca 
Pecea 

of  Muaca  domeatlca 


egga  present 


Macfle 


1922 


cyata  present 
cysts  present 


cysts  present 

It  It 


trophozoites  present 
cysts  recovered  15U-258 
minutes j exptl. 


Root 


Chang 

Frye 

Harris 


1921 


1943 

1932 

1946 


exptl j tropha 
40  min, 

30  " 


17 


cyata 
^10  mln.i| 

240  7* 

4 

210 
64 

254 


Pipkin 


1943 


11 

11 

n 

n 


exptl J cysts  present 


n 

II 


« 

It 


Rouba\^ 

Sleyro 


1949 

1921 

1918 

1942 


TABLE ^ i *4-  (CONT'D)  THE  SURVIVAL  OP  PROTOZOA  & METAZOA  IN  INSECTS 


Pactor(a) 

Survival 

Reference 

PLIES  (cont'd) 

Endamoeba  histolytica  (conf 

Feces  and  intestinal  tract 

n ti  It  It 

of  Muse a dome Stic a 

a) 

cysts  present 
exptlj  cysts  presentj 
2-3  d 

Matheson 

1950 

Endamoeba  coll 

I 

in  Muaca  domestica 

cysts  present 

Frye 

1932 

Feces 

of  Muaca  domestica 

exptlj  cysts  present 

Root 

1921 

Feces 

It  It  II 

of  Musca  domestica 

Roubaud 

1918 

Feces  and  intestinal  tract 

It  « n n 

of  Musca  domestica 

cysts  present 
exptL;  cysts  pr'ijsent, 

2-f  d 

Matheson 

1950 

Endolimax  nana 

in  Muaca  domestica 

* I 

cysts  present 

Frye 

1932 

Glardla  lamblia 

Feces 

of  Musca  domestica 

cysts  present 

Root 

1921 

Feces 

of  Musca  domestica 

cjfsts  present 

Roubaud 

1918 

Feces  and  intestinal  tract 

It  It  II  II 

of  Muaca  domestica 

cysts  present 
exptlj  cysts  present, 
2-3  d 

Matheson 

1950 

In  flies 

cysts  present 

Frye 

1932 

Lelshmanla  brazlllensls 
in  Phlebotomus  lutzl 

•»  ” intermedius 

present,  transmitted 

Steinhaus 

1947 

Le  1 shii't  nA8i|.don^^n  1 

In  Phle^^4q|j^!v  av^ent Ipes  i 

i 

; exptlj  present;  trans- 
mitted 

I Napier 

1933 

Out  ir 

present 

of  Phf^dtomus  arr.entip- 

eV 

pi^ent 

Matheson 

1950 

Gut 

of  Phlebotomus  major 

j 

I 

var*  chinensls 

I 

Phlebotomus  sergentl 

I Patton 

1927 

In  Phlebotomus  arEentlpea 

exptlj  presentj trans- 
mitted 

I 

I 

I Matheson 

1950 

In  Phlebotomus  erp,entipes 

m 

exptlj  present;  trans- 
mitted 

i Smith 

1936 

in  phlebotomus  argentlpes 
% **  perniclosus 

major 

lonpilcuspls 
major  var. 

I 

I 

I 

i 

I 

I 

chlnens^>n^ 

presentj  transmitted 

Steinhaus 

1947 

in  Phlebotomus  argent j^es 

exptlj  present;  trans- 
mitted 

Swanlmath 

1942 

Gut 

of  Phlebotomus  spp. 

present 

Young 

1927 

TABLE  (CONT»D)  THE  iJURVIVAL  OP  PROTOZOA  & METAZOA  IN  INSECTS 


Pactor(a) 


PLIES  (cont»d) 

Lelahmanla  tropica 
' In  Phlebotomus  papatasil 
. in  **  sorgenti 

in  " papatasil 

" aergentl 

in  " papatasil 

” sargentl 

■Tryp ano soina  ' rhodo^i Sn bjb 
in  oTos  s' i n a ~'br e V 1 p al p is  ' ‘ 
morsltans 
in  Glosslna  morsltans 
in  " •’ 

" svrtmnertonl 

in  " pa^alls 

” brOTlpalpla 

Trypanosoma  gamblanse 
Proboscis 

of  Glosslna  palpalis 
in  Glosslna  palpalis 

in  ti  n 

It  It 


in 

in 

in 


Glosslna 

ft 


n 

ft 

ft 


Tr: 


ypanosoma  b 
in  Glosslna 


tachlnoldes 
mors Itans 
fuse  a 
pallidlpes 
submors itans 


brucel 


morsltans 
Asoarls  lumbrlcoldes 
Intestinal  tract 

of  Chrysomyla  megaoeph- 
ala 

Lucllla  serlcata 
Sarcophaga  spp. 
Externally 

of  Musca  domestica 
Lucilla  pallescens 
Cochllomyia  macell ar- 
ia V , 

Phormia  reglna 
Sarcophaga  mlaerio 
Enterobius  vermlcularls 
Externally  ' 

of  Musca  domestica 

(ilia  pallescens 
^hliomyia  macell- 
iria 

Phormia  regina 
Sarcophaga  miserio 


Survival 


presentj  transmitted 

tl  N 


tl 

tl 


present;  transmitted 

It  tt 


present;  transmitted 

exptlj  present;  trans- 
mitted 

<14.0  hrs;  transmitted 
present;  transmitted 

H II 

multiplied;  duration  of 
life;  transmitted 
present;  transmitted 


exptl;  present;  trans- 
mitted 

present;  transmitted 
ova  present 


exptl;  eggs  present 


exptl;  eggs  present 


Reference 


Adler 

Adler 

19i|P. 

1^9 

Adler 

191+8 

Stelnhaus 

1947 

«Bt^on'..5|,i950 
^Upe^^ora^  ’ 1 91 2 

Stelnhaus 

1947 

Stelnhaus 

1947 

Bruce 

Castellanl 

Klelne 

. 1903 
1903 

1909. 

Stelnhaus 

1947 

Kleine 

1909 

Chang 

1943 

Pipkin 

1943 

Pipkin 

1943 

(CONT'D)  THE  SURVIVAL  OP  PR0T020A  & METAZOA  IN  INSECTS 


Pactor(s) 

PLIES  (cont’d) 

Hookworma  - 3pp„  not  given 
Intestinal  contents 

of  Chryaomyla  megaceph- 
ala 

Lucilla  sericata 
Sarcophaga  spp. 
Hookworm  ~ Necator  amerlcan- 
us 

Sxternally 

of  Muaca  domeatlca 
Lucilla  palleaeana 
Cochliornyia  macell“ 
aria 

Phormla  regina 
Sarcophaga  mlserio 
Trichurls  trichura 
Intestinal  contents 

of  Chryaomyla  megaceph- 
ala 

Lucilla  sericata 
Sarcophaga  spp. 
Externally 

of  Musca  domeatlca 
Lucilla  pallescens 
Cochliornyia  macell- 
aria 

Phormla  regina 
Sarcophaga  mlserio 

TryiJSTOSQma ' duttonl 

in  Pedtoulus  corporis 

MOSQUITOES 

Plaamodlum  flaciparum 
In  Anopheles  aihlmanus 
Over  68p,  opt.  06P 
RH  - near  70% 

In  mosquitoes 
In  Anopheles  quadrimacu- 
latus 

Anopheles  alblmanus 

3^P 

in  Anopheles  quadrlmacu- 
latua 

Over  68f,  opt.  86p 
RH  at  least  70% 
in  mosquitoes 
Plasmodium  malaria  * 
in  Anopheles  mecullpennis 


Survival 


Reforonce 


ova  present 


Chang 


exptl;  eggs  present 


Pipkin 


ova  present 


exptl;  eggs  present 


Chang 


Pipkin 


present;  transmitted 

It  II 


exptl;  present;  trans- 
mitted 
2lj.  hrs. 


present;  transmitted 


exptl;  present;  trans- 
mitted 


TABLE  a (CQNT’D)'  THE  SURVIVAL  OP  PROTOZOA  h METAZOA  IN  INSECTS 


Pactor(a) 

Survival 

Reference 

MOSQUITOES  (cont'd) 
Plaainodium  vivax 

in  Anopheles  quadrimacu“ 
latus 

exptl;  present;  trans- 
mitted 

Eyles 

1948 

Mean  temp,,  between  60.8- 
68fj  HH  - not  below  ?0^ 
in  mosquitoes 

present;  transmitted 

Gill 

1938 

in  Anopheles  macullpennis 

infective  for  nearly 
6 mo3» 

James 

1927 

l4.“6c 

in  Anopheles  maculipen- 
nia 

infective  for  2^  yrs. 

Matheson 

1950 

30P 

31P 

46p 

in  Anopheles  quadrimacu- 
latua 

2 d 
k d 
17  d 

i 

1 

King 

1917 

Over  62P,  opt.  77P 
RH  over  70^ 
in  mosquitoes 

present 

Matheson 

1950 

19-22. 8C 

in  mosquitoes 

exptl;  present;  trans- 
mitted 

Matheson 

1933 

in  Anopheles  mnculipennls 
froebornl 

Anopheles  macullpennis 
00  0 mental  is 
Anopheles  punctlpennls 

1 

exptl;  present;  trans- 
mitted 

Moore 

1945 

in  Anopheles  barberl 

exptl;  present;  trans- 
mitted 

Stratman-Thomas 

in  Anopheles  quadrlmacu- 
latus 

exptl;  present;  trans- 
mitted 

Watson 

1936 

1945 

in  Anopheles  quadrlmacu- 
latus 

exptl;  present;  trans- 
mitted 

Young 

1952 

in  Anopheles  quadrlmacu- 
latus 

Anopheles  mnculipennls 
froebornl 

exptl;  present;  trans- 
mitted 

ioung 

1945 

Plasmodium  appu 
in  mosquitoes 

present;  transmitted 

Bastianelli 

1898 

in  mosquitoes 

It  It 

Manson 

1898 

Salivary  glands 
59-83P  for  6 d 
i|4"78P  for  remainder  of 
time 

Diet  " date  juice  h HoO 
in  Anopheles  punotipen' 
nls 

68-92  d 

• 

Mayne 

1922 

TABLE  ^/(l  (OONT'D)  THE  SURVIVAL  OP  PROTOZOA  % METAZOA  IN  INSECTS 


Paotor( s ) 


MOSQUITOES  (cont’d) 

Plaamodlum  spp,  (cont'd) 
in  mosquitoes 
in  mosquitoes 
In  Anopheles  quadrimacu" 
latus 


shales 

j|taculipennis 

tf 

ffcucians 

tt 

Wbimanus 

If 

pseudopuncti- 

pennls 

ti 

taraimaculatu 

ff 

argyrltarsls 

11 

darllngj^ 

ft 

albltarms 

It 

punctimS^la 

tf 

hoctorls 

Vuchererla  banoroftl 

in  Culex  qulnquefasclatus 
” annul Irostrla 

in  Culex  fatigans 
in  Culex  pipiens 

" qulnquefasclatus 
in  Culex  pipiens 

Psorophora  discolor 

Vuchererla  malayl 

in  subgroup  MansonlJiides 
spp.  * 

Anopheles  byrcanus 
Pllarla  sanguinis  hominls 


in  (iuiex  fatlgans 


Survival 


present 

Ross 

1898 

tf 

1 

Sambon 

1900 

s 

present,  transmitted 

Blimnons 

1941 

exptlj  present;  trans- 

1947 

mltted 

Stelnhaus 

exptlj  present;  trans- 

19^1 

mltted 

Cobrera 

presentj  transmitted 

Carter 

1948 

presentj  transmitted 

Eyles 

1947 

exptlj  present;  trans- 

mltted 

Newton 

1946 

presentj  transmitted 

Carter 

1948 

present 

Ross 

1898 

Reference 


REDUVIIDS 

Lelshmania  donovani 
in  I'rla'boma  spp. 

Lelshmania  tropica 
in  iriatoma  sppT 

Trypanosoma  cruzi 


eces 

of  Hhodnius  prollxus 
In  Trlatoma  megista 
in  ” sanguisuga 

In  Rhodnlus  prollxus 
" pictlpes 

in  Trlatoma  protracts 


exptlj  no  multiplication 
1 d 

exptlj  no  multipllcationl; 
1 d 

presentj  transmitted 


II 

II 


II 

II 


II 

II 

n 

II 


Packchanian  19lj.8 

Packchanian  1948 

;♦  if' 

Brxaipt  1012 

ChsPas  I7O9 

Elkins  1951 

Ploch  1947 

Kofold  1933 


TABLE  r3V  cj-  (CQNT'D)  THE  SURVIVAL  OP  PROTOZOA  & KETAZOA  IN  INSECTS 


Factor(s) 


Survival 


Reference 


<1, 


ft 

If 

It 

If 

N 

ft 

ft 

ft 

If 

If 

ft 

ft 


REDUVIIDS  (cont'd) 

Trypanosoma  cruzi  (cont’d) 
in  Trlatoma  megista 

infestans 
sordida 
dimidiate 
heldemanni 
gorataeckerl 
sanfr,uls\iga 
chazasl 
geniculata 
hegnerl 
vlttlcepa 
longipes 
rub Ida 

Ahodnlua  prollxus 
w " plctlpes 

Eratyrua  cuapidatus 
in  Trlatoma  gerataeckerl 
" lectmaris 

" protrlcta 

**  aangulsuga 

" nectomae 

” rviblda 

in  Trlatoma  protracta 
in  Trlatoma  protracta 
" rublda 

'*  longlpea 

dead  for  13'  daya 
in  Trlatoma  holdemannl 
in  Trlatoma  protracta 
Trypanosoma  gambienae 
in  trlatoma  app. 
Trypanosoma  brucel 
in  Trlatoma  app. 
Trypanosoma  duttonll 

in  Trlatoma  gerataeckerl 


present;  transmitted 


V»- 


present;  transmitted 

% » " 


present;  transmitted 

If  If 


exptl;  present;  4”6  d 

exptl;  present;  ^ 

exptl;  no  multipllca- 
tlon;  ?.-3  d 


Stelnh^us 

1947 

Sullivan 

Wood 

1949 

1934 

Wood 

Wood 

Wood 

1942 

1943 
1950 

Paekchanlan 

1948 

Packchanian 

1948 

Packchanian  1948 

Dennis 
Dennl s 
Smith 

1931 

1932 
1893 

Stelnhaus 

1947 

Peng 

1949 

tTcSS 

Babesia  biyemlna 

in  Boophiiua  annulatus 
in  " " ' 

in  ” " 

Babeala  bovia 

in  Ixoiea  rlc inus 
Leiahmanla  donovani 
Gut 

of  ticks 

Trypanoaoma  cruzi 

in  OrnTthodoros  furcosus 
**  parkerl 

" amblus 


present;  transmitted 

If  II 


present;  transmitted 
exptl;  25  d;  transmitted 


present;  many  wka.  or 
mo  a. 


Steinhaua 


1947 


TABLSs^ig  THE  SURVIVAL  OF  RICKETTSIA  SPECIES  IN  INSECTS 


Pactor(s) 


BEDBtrl^ 


Survival 


Reference 


R 


•phi 


Clmex  lectularis 


R.  rlokettsl 

in  Clmex^ectularls 
" *roJtundatus 
R*  proW|azekl  *■ 
CoeloMd^oavlty 
of  pUdbuccs 


PEEI5 

R.  typhl 

in  Echidnophaga  galllnacea 

M 

in  " " 

T^lssuea 
of  fleas 

In  Xenopaylla  cheopis 
In  Ctenoeephalua  fella 
in  Xenopaylla  cheopis 
Ceratophyllua  anlsua 
Feces 

of  Xenopaylla  choopla 
in  Xenopaylla  cheopis 
In  flees 
R,  prqwazeki 

in  >kenopaylla  cheopis 
in  fleas 


exptli  not  transmitted? 
10  d 


exptl;  24  hra.;  present 

present;  harbors  but 
does  not  transmit 


Castaneda  1930 
Stelnhaus  1947 

Nau  4 — 


exptl;  present;  trans- 
mitted 

present;  transmitted 
at  least  52  d;  trans- 
mitted 
present 

present;  transmitted 

present;  transmitted 
<96  hra«;  transmitted 

present;  transmitted 
exptl;  present 

exgtl;  present 


LICE 

R.  typhl 

in  Pedlculus  corporis 
in  Polyplax  splnulosus 
In  Pedlculus  corporis 

inM|d|^B|Qp^oris 
R « p r 

E^ccreta  - dry,  room  temp, 
in  Pedlculus  capitis 
" corporis 

in  Pedlcinus  albldus 

In  Pedlculus  corporis 

Gut 

>32C 

23c 

of  lice 
in  lice 

in  Pedlculus  capitis 
" corporis 


Ollcata 

Brigham 

Dyer 

Dyer 

Irons 

Liu 

Rickard 

Savoor 

Weyer 

Dyer 

Weyer 


1942 

1941 

\k 

1944 

1944 

1951 

1948 

1949 

1934 

12ki 


« 


present;  transmitted 

ti  It 

exptl;  present;  trans- 
mitted 

exptl;  present;  10  d 

11-12  d 

present;  transmitted 

exptl;  present;  trans- 
mUjttod 

exptl;  present;  trans- 
mitted 

exptl;  present;  trans- 
mitted 

exptl;  did  not  survive 

exptl;  present 

exptl;  present;  trans- 
mitted 


Liu 

Mooser 

Mooser 

Snyder 

Arkwright 

Atkin 

Blanc 

Cabasso 


DaRodha 

Mariaid 


Nicolle 


1944 

1931 

lA 

1923 

1922 

1945 

1947 


1916 

1940 


1909 


TABLEc£££]  (CONT’D)  the  survival  of  RICKETTSIA  SPECIES’ IN  INSECTS 


Paetoi>{  s ) 


Survival 


Referande 


LICE  (cont'd) 

Ro  prowazekl  (oont’d) 

Paces  "•  room  tomp^ 
of  Podiculua  capitis 
” corporis 
in  Pediculus  veatimenti 
Feces 

RH  “ high  RH  hastened 
disappearance  of  rick- 
ettala  In  feces 
of  lice 

Intestines  - dried  at 
normal  pressure 
dried  at  low  pressure 
Feces 

lice  “ dried  with  chloride 
dead  lice  - which  lived 
. ^ under  i^ormal  conclltions 

R^wolhynica . Jfc. 
lice 

dried  feces 
R«  quintana 


Out  and  feces 

of  Pediculus  corporis 
in  Pediculus  corporis 
Stomach  lumen 
of  lice 


60  d 


present;  transmitted 

8-9  d (guinea  pig  test) 
19-147  d (louse  test) 


58  d 

35.  d 

66  d 
21  id 


axptl;  present 

*•  « 2iyrs. 

I present;  transmitted 

present;  4 mos» 

' present 


Nuttall 

Ricketts 


Starzok 


Weyer 


Kindle 

Steinhaus 

Toepfer 


1917 

1910 


Shu-Hsian  1949  I 


1936 


1948 


1921 

1947 

1916 


typhi 

in  Llponysaus  bacotl 
in  Sehongastia  indioa 
Family  Tronb'ic^ldae 
in  Liponyssus  nag%ol 

in  ” bacotl 

4 n H 


R.  tsutsugamushl 
in  mites 
in  mites 

in  Trombicula  fletchori 
" walchi 

in  **  dellensla 

larvae 

in  Trombicula  dellenals 
in  « " 

hatched  eggs 
in  mites 
in  mites 

in  Trombicula  akamushl 
" dellenals 

in  mites 

in  Euschongastia  indica 


I present;  transmitted 

present;  transmitted 

ft  n 


present;  transmitted 

tf  « 


exptl;  present;  trans- 
mitted 

present;  transmitted 
present;  transmitted 

If  II 

present 

presents  transmitted 

If  If 


Dove 

Gispen 

Kodama 

Liu 

Liu 

Pang 

Kawamura 

Kitashima 

Kohls 


Krishman 

Krlshman 

I 

Mackie 

Mlyajima 

Philip 

I 

I Steinhaus 
ll^aka 
‘^aub 


1931 

1950 

1933 

1944. 

1947 

1941 

1931 

1918 

1949 

1949 

1946 

1917 

191^5 

1947 
1899 

1950 


TABLE  t^/;?lcONT»D)  THE  SURVIVAL  OP  RICitETTSIA  SPECIES  IN  INSECTS 


Pactor(s) 

MITES  (cont’d) 

R.  akarl 

in  Allodermanysaus  sangu- 
ineus 

In  Llponyssua  baootl 


TICKS 

R.  typhl 

In  Ornlthodoros  noubata 
iri  Dermacentor  andorsonl 
Otocenter  nitena 
Amblyonmia  sp, 

R«  rlekettal 

In  Rhiplcephalus  sanguin- 
eus 

in  Dermacentor  andora^ni 
in  " variab^is 

in  " andersonl 

**  variabilia 

Haemaphyaalia  leporia- 
paluatria 

Amblyomma  aTnertcanum 

in  Dermacentor  occidentali 
Hhipicephalus  aangui- 
suga 


in  Otoeentor  nitena 

Dermacentor  andersoni 
Ornlthodoros  parkerl 
" rudis 

” turlcata 

All  tissues  ^ 

of  DermacenW^  andersoni 
in  ticks  ^ 
in  Amblyomma  cajennonse 
in  Rhlficephalus  sanguine 
eus 

in  Rhlpicephalus  sanguin- 
eus M 

in  OrnithcOToros  furcoaua 


Survival 


present 

exptl;  trans- 

mi  1 1 e d**”*^P  ^ 
exptl;  present;  trans- 
mitted 


exptl;  present 


exptl;  present;  12  d 


present;  transmitted 

n ti 

present  j^.tran3  0var  Ian 
transjUl^lon 


present;  transmitted 


transovanlM  transmis- 
sion; winter 

in  Inf 6b  nymphal  or 

adult  ticks;  at  end  of 
winter  organism  is  non 
symptom  producing  un- 
til its  level  of  viru- 
lence is  raised,  eithe: 
by  heat  or  ingestion 
of  Jslood 


Reference 

Huebner  194^ 

Philip  1948 


Philip 

Phillii 


Weyer 


1948 


1948 


Zinsser  1931 


Anigsteln 

Davls 

Dyer 


1943 

1939 

1931 


Parker  - Unpub- 
lished expt. 


Parker 


1937 


present;  transmitted 
present;  transmitted 


present;  transmitted 

n n 


present 
exptl;  345  ^ 


Patino-Camargo 

1941 

Stelnhaus  1947 
Badger  1932 
Buotamont©  194^> 

Bustamente  1946 

Harlot te  1944 

Mazzotti  194d 


TABLEf§_^  (CONT»D)  THE  SURVIVAL  OP  RICKETTSIA  SPECIES  IN  INSECTS 


Pactor( a ) 


TICKS  (oont’d) 
R.  rlckettsl 
in 


(conf  d) 


Haemaphysalls  leporls- 
palustria 

in  Haemaphysalla  leporis- 
palustrls 

in  Dermacentor  andensonl 
RNSP-llke  rlckettala 

in  Rhlplcephalua  aanguln- 
♦ eus 

;^n  Rhlplcephalua  sinus 
Haemaphyaalla  laachi 
Amblyomma  maculatum 


in 

in 

in 

In 


n 

H 

n 


If 

n 


Striatum 
(Mexican  spotted  fever) 


in  Ornithodoros  rudis 
(Tobia  petechial  fever) 
in  Ornithodoros  parkeri 
(Tobia  petechial  fever) 

R«  j^owazekl 

iff  brnithodoros  moubata 
R»  wolhynica 

in  Ornithodoros  moubata 
R,  Conor i 

in  Rhlpicephalus  sanguin- 
eus 

Nearly  all  tissues 

in  Rhlpicephalus  san- 
guineus 

in  Ornithodoros  moubata 
in  Rhlpicephalus  sanguin- 
eus 


Survival 


presenti  transmitted 
present:  transmitted 

ft  ff 


presentj  transmitted 


ff 

ff 

ff 


ff 

If 

If 


Bullls  fever  rlckettala 
in  Amblyomma  aSerlc’anum 
Coxiella  burneti* 

in  Hymlomma  maurltanlcum 
in  " savlgnyi 
in  Dermacinter  occldentall^ 
Amblyo^ma  amerlcanum 
in  Dermacentor  andersonl 
Tissues  and  feces 

of  Rhlpicephalus  sanguln 
eus 

in  Ornithodoros  moubata 
Ornithodoros  hermsi 


exptl;  present;  trans- 
mitted 

exptlj  11  ic  35  d 
exptl;  1,087  d 

exptl;  present;  262  d 
exptl;  present;  69  d 


>10  mos.;  transmitted 
present 


exptl;  ^36  d 

survives  through  life 
cycle 

present 


present;  transmitted 

If  If 


If 

ft 


It 

ft 


exptl;  present;  trans- 
mitted 

exptl;  infective  428  d 
persists  6f0  d 
” infective  772  d 
persists  979  d 
transmitted  by  both 


Reference 


Parker 

Parker 

Ricketts 


1923 

1951 

1906 


Bustamonte  1947 


Dick 

Lackman 

Parker 

Parker 


194t 

1940 

1939 


Valle Jo-Preire 

1947 


Parker 


1942 


Patino-Camargo 

1941+ 


Weyer 

Weyer 

Brumpt 


Hass 

Parker 


Stelnhaus 

Pollard 

Blanc 

Blanc 

Cox 

Davis 

tCallot' 


Davis 


1948 

1948 

1932 


1936 

1942 


1947 

1946 

1949 
191+6 

1940 

1939 

1950 


1943 


TABLBfcU  / !)"  (COKT'D)  THE  SURVIVAL  OF  RICKETTSIA  SPECIES  IN  INSECTS 


Factor ( s ) 


Survival 


Reference 


TICKS  (cont'd) 

Ooxlella  burnetl  (cont'd) 

In  Dormac enter  anderaoni  present 

in  Haomephysalis  leachl  preaentj  transmitted 

In  Ornlthodoroa  moubata  Ij.  mos. 

in  Otoblus  megnlni  present 

in  Dermacentor  andersonl  present;  transmitted 
in  Hyalomrtia  savignyl  present 

in  Amblyomma  amerlcanum  present 

in  Phiplcephalus  sanguin- 
eus present 

Feces  •>  dried  viable  in  storage  as 

of  ticks  long  as  ^86  d 

in  Haomaphyaalla  humeroaa  present;  transmitted 


Matheson 

19^0  j 

Qlroud 

1950 

Jadln 

1950 

Jellison 

191^8 

Parker 

1938 

Parker 

1939 

Pai'ker 

19U 

Parker 

I9i;9 

Philip 

19l;8  1 

Smith 

1940  1 

# 


TABLE  i4  /C  THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  INSECTS 


Pactor(s) 


BEDBUGS 

arati 
omacf 

of  Olnex  leotularla 


St  jparatvphl 
Stomacn  - 


^ feoflkROACHES 
St  typhosa 
Body^nd  feet 

or  Periplaneta  orlental- 
' la 

Peoea 

of  cockroaches 
S.  typhlwurlum 
Intestinal  tract 
Appendages 

of  Periplaneta  amarioana 
Feces 

Alimentary,  canal 
of  cockroaches 
Feces 

of  Blaberus  cranlfer 


S. 


paratyphi 
in  ferlplar 


B 


Lplaneta  amerlcana 
St  oranl^burg 

In  Periplaneta  amerlcana 
Feces 

of  Periplaneta  amerlcana 
Peces 

of  Blattella  germanlca 
Tissues  # ^ .■ 

Peces 

of  Blatta  orlentalia 
3t  bredeney 
Hindgut 

of  Periplaneta  amerlcana 
S»  bovls-morblflcans 
Appendages 
Intestinal  tract 

of  cockroaches 

S.  s 


Intestinal  tract 

St  enterltldls 
Body  and  feces 

of  Xenopsylla  cheopls 
Body 

Feces 

of  Pulex*^  Irrituns 
* Ctenocephalus  cants 


Survival 


exptl;  2-3  wkst;  not 
transmitted 


present;  transmitted 

1 

Antonelll 

1930 

present 

Riley 

1932 

present 

Beck 

1943 

Inoc:  4“10  million 

exptl;  11  d 
**  7 d 

Janssen 

19^2 

exptl; 

Inocs  massi  ve  doses 
12  d 

Wedberg 

1949 

present;  transmitted 

Bitter 

1949 

present;  transmitted 
Inoc:  100  million 

Bitter 

1949 

10  d 

Inoc:  100  million 
12  d 

Inoc:  100  million;  42  d 

" " " 20  d 

j 

Olson 

1950 

present;  transmitted 

•*.  • 

Bitter 

1949 

present 

1948 

Mackerras 

l8-a2  d 

Mackerras 

Reference 


Casparl 


exptlt  present;  trans- 
mitted’ 

exptl;  96  hrt;  trans- 
mitted 

exptl;  <21;.  hTt;  trans- 
mitted 


Eskey 


Varela 


im 


1949 


1946 


TABLE^5v/  ^ (CONT’D)  THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  INSECTS 


Pactor( s ) 


PLEAS  (cont'd) 

S»  choleraesuls 
In  Puiex  irritans 


fras" 

S»  typhoaa 
In  rlies 
in  flies 
Pecea 

of  Muaca  domestics 
in  flies 
Legs 
Fees  5 
fbf  flies 
Intestinal  tract 
of  flies 

in  Muaca  domestica 
Intoatlnal  tract 
of  flies 

Intestinal  tract 
of  flies 

Intestinal  tract 
of  flies 
Externally 
Intestinal  tract 
Internally  - 
killed  with  DDT 

" " fly  paper 

of  Musca  domestica 
Intestinal  tract 
of  Musca  domestica 
in  Musca  domestica 
In  or  on  body 

of  Muaca  domestica 
in  flies 

in  Musca  domeatice 
in  flies 
in  flies 
S.  paratyphi  B 
in  flies 
Body 


Paces 

of  Musca  domestica 
Paces 

of  Musca  domestica 


Intestines 

of  Musca  domestica 


Survival 


present!  transmitted 


present 

If 


exptl;  present 

" greater  trans- 
mission than  legs;  l6d 
multiplied 

exptl;  23  d;  transmitted 

5-23  d 

present 
exptl;  present 


exptl;  11  d 

15  d 


ff 

fi 


7 d 
10  d 


present 

present 

23  d 


present 

It 

It 

ft 


exptl;  10  d 

Inoc:  fed  a suspension 
of  12,000-^^,000  org. 
Rqoov:  multl^led  in 
body 
present 

Inocs  18,000-6,300,000 
bacteria 

Recov:  1st  d - 10- 

200,000,000 

6tb  d - 

. #200,000,000 

at  least  iLr  d 


Reference 


Messerlin  19ii.2 


3ahr  191ij. 

Bertarelle  1910 


Celli 

Cochrane 


Paichnie 

Paichnie 

Matheson 


1888 

1912 

1909 

1929 

19^0 


Pickier  1903 
Graham- Smith  1909 
Graham-Smith  1913 


Gross 

Hamilton 

Howard 


19^1 

1903 

1911 


Jordan  1908 
Klein  1908 
Lodlngham  1911 
Manson-Bahr  1919 
Veeder  I898 


Paichnie 


1909 


Hawley 


191J.3 


Hawley 

Nicoll 


1951 

1911 


' / 

TABLEtj^/  ^ (OOKT’D)  THE  SURVIVAL  OP  SALMOl&LA  SPECIES  IN  INSECTS 


Pactor(s) 


Intestinal  tract 
of  flies 
Externally 
Intestinal  tract 
of  Musca  domestioa 
Intestinal  tract 
of  Muaca  domestioa 
S.  enterltld^ 
Intestinal  rract 
of  Muaca  domestics 
Externally 

of  Musca  domestics 
Intestinal  tract 
of  flies 

Intestinal  tract 
of  flies 

Intestinal  tract 
of  flies 

Intestinal  tract 
of  Musca  domestics 
Intestinal  tract 
of  Musca  domestics 
in  Musca  domestlca 


S.  cholerae-suls 


n Musca  domestlca 
S , spp . 

Feces 

of  Musca  domestlca 


3.  typhosB 


n Aeaes  e 


IC 

S«  enterltidis 


Feces 

of  Dermacentor  iA(1f>i  iinii  1 
in  Dermacentor  andersonl 


Survival 

Reference 

multiplied 

Faichnle 

1929 

exptl;  present;  3 d 

Oross 

1951  ■ [ 

present 

! 

Torrey 

1912  [ 

present 

i 

Bahr 

1911j.  ' 

present 

Cox 

1912  1 

present 

"^UBkler 

1 

1903  1 

present 

A 

Graham-Smith  1909  1 

exptl;  present 

Graham-Smith  1913  1 

present 

Hamilton 

1903 

present 

Ledlngham 

1911  ' 

duration  of  life  of  fly 

(approx.  ^ks) 

Ostrolenk 

19^2  1 

present 

Scott 

1917  ^ 

present 

1 

Hawley 

present;  transmitted 

Abe 

1907  . 

r' 

present 

Huane 

3-lj.  wks, 

Pelsenfeld 

1947  ' 

exptl;  1 hr. 

Varela 

35  d 

Parker 

1943 

present 

Reitler 

'•ik V .’iv; : 

1946 

w’  - • 


TABLE  J2-/*7  THE  SURVIVAL  OP  SHIGELLA  SPECIES  IN  INSECTS 


Pactor(s) 


Survival 


Reference 


ANTS 

S.  paradysenterlae 
Peet 

of  ants 


at  least  2l|.  hr  a. 


Grlffltta  19U2 


fmT 

3,  dysenterlae 

Internal  and  external 
of  Chryaoxnyla  megaoeph- 
ala 

in  flies 
Body 


Fecoa 

of  Musca  domestlca 
Feces 

of  Musca  domestlca 


Bowel 
of  flies 
Peces 

of  flies 

S.  paradysenterlae 
in  flies 
in  flies 

S,  paradysenterlae  (Plexner) 
in  flies 


dysenterlae- 


S,  amblRua  (S. 

Schmitzy 
in  flies 
S.^spp. 

’Intestinal  tract 
» of  flies 
Intestinal  tract 
of  flies 

Intestinal  tract 
of  Musca  domestlca 
Intestinal  tract 
of  Musca  domest^-oa 
Intestinal  tract 
of  Musca  domestics 


5-6  d 


present 

Inoc:  fed  a suspension 
of  12,000-14.8,000  org- 
anisms 

Recov:  multiplied  in 
body 

present 

Inoc : fl2, 000-6, 300, 000 
bacteria 

Recov:  "Ist  d - 10- 

200,000,000 

6th  d - 

200,000,000 

5 a 

11  d 


present 

w 


273  hrs. 

present;  297  hrs, 

present 

present 

pr«>sent 

present 

present 


Chow 

1940 

Dudgeon 

1919 

Hawley 

1914.8 

Hawley 

19^1 

Manson-Bahr 

1920 

Stewart 

1944 

Graham-Smith  1909 

Kuhns 

1944- 

Stewart 

1944 

Stewart' 

1944 

Pickier 

1903 

Graham-Smith  1909 

# 

Hamilton  . 

1903, 

% 

Ledingham 

1911 

Nlcoll 

1911 

TABLE  / y THE  SURVIVAL  OP  SPIROCHETES  IN  INSECTS 


Pactor(s) 


Survival 


Reference 


Treponema  pertenue 


n Hi|»pelates  palllpea 
In  Musca  domestica 
Hippelates  pallipes 
” flavinea 


Leptospira  Icterohaemorrha 


e 


Intestinal  tract 

of  Trlatoma  infestans 


present;  transmitted 


resent;  transmitted 


exptl;  present;  6 d 


Kumm 


Stelnhaus 


1936 


mm 


^ ^ the  survival  op  vibrio  species  in  insects 


Pactor(8) 

Survival 

Reference 

COCKROACHES 

Vibrio  coitima 

l^ecea' 

79  hra. 

of  Periplaneta  arnericana 

Barber 

19II1 

in  Periplaneta  americana 

present 

Toda 

1923 

mss 

Vibrio  comma 

1 

1 

tJ’eet',  vifiiga,  body  and 

feces 

present;  transmitted 

of  flies 

Alessandrinl 

in  flies  1 

present 

Cattanl 

1886 

in  flies 

exptl;  present 

Paichnie 

1909 

Intestinal  tract 

exptl;  48  hra. 

Feces 

•'  30  hrs . 

of  Muse a dome 3 tic a 

Graham-Smith  1913 

in  Muse a domes tic a 

present 

Hamilton 

1903 

in  Musca  domestica 

present 

Ledingham 

1911 

in  flies 

present 

Macbae 

1895 

Feces 

present 

of  Erlstalis  tonax 

Calliphora  vomitoria  | 

Maddox 

NicolT 

1885 

in  Musca  domestica  | 

present 

1911 

in  flies 

present 

Simmolids 

1892 

I 


f 


TABLE-iL>g^  THE  SURVIVAL  OP  VIRUSES  IN  INSECTS 


Pactor(s) 


BEDBUGS 

Yellow  fever  virus 


04CHP-' 

Poliomyelitis  virus 
Intestinal  tract 
of  cockroaches 
Tissues  - 30c 
of  cockroaches 
Hemocoele 

of  cockroaches 
PoliomyelljbAs  viruses  - 
GDVli^  C group  Jl  and 
Kuman  polio  virus 
Body 
Feces 

of  Parlplaneta  amerlcana 
h^^man  poll^  virus 

in  Periplaneta amerlcana 
Supella  supellaetil- 
ium 

Blattella  germenlca 


Lymphocytic  chorlomenlnpiltls 
virus 

In  'Pattella  germanica 
Coxsaokie  virus 
I^ecea 

of  cockroacho# 

Mousd  encephalitis  virus 
Feces 

• of  cockroaches 

^ 

Poliomyelitis  virus 
Lansing  strain 
Theller  strain 


Survival 

2 d 

exptl: 

present;  10  min. 

to  8 

Reference 


Kilinm 


Milzer 


present;  hrs. 
exptl;  15  d 

exptl;  15  d;  transmitted 


exptl;  present 

* killing  amounts 
excreted  for  7-15  d 


natural  vectors  for 
Brunhllde,  Minnesota 


present 

exptl;  15  d;  transmitted 


exptl;  present;  trans- 
mitted; 7 d 


50  Musca  domestlca 
Surface  and  alimentary 
tract 
of  flies 

Surface  and  alimentary 
tract 
of  flies 
Tissues 

30c 

of  Musca  domestlca 


exptl ; 2d 
•*  12  d 

only  when  adult  Itself 

acquires  virus  by 
feeding 

exptl;  at  least  46  hrs. 

exptl;  at  least  48  hrs. 

exptl;  12  d 


TABLE  (OOHT'D)  THE  SURVIVAL  OP  VIRUSES  IN  INSECTS 


# 


Pactor(s) 


PLIES  (cont'd) 

Polloinya|jjd.tl3  vlrua  (cont'd) 

of  fHes 

in  Phormia  regina 
Phaencla  sericata 
Nuaca  domestica 
Sarcophaga  spp. 
Cynomyopsla  eadaverina 

Gut 

Feces 

of  Phorinla  regina 
in  Muse Idas 

Calllphorldae 

n 

Abdomen,  feces, ivpmlt 
(Lansing  s train") 
of  Musca  domestica 
in  Muscidae 

Calllphorldae 

In  Muacldae 

Calllphorldae 

In  Muacldae 

Calllphorldae 


rm 

Eastern  equine  encephalitis 
virus 

in  lEomenacanthus  stramin- 
eus 


MITkS 

St,  Louig  encephalitis  virus 
l"n  Dermanyssua  gallinae 


in  Lormanyasus  gallinae 
In  Dermanyssua  gallinae 
Eastern  equine  encephalitis 
virus 

in  Dermanyssua  gallinae 
Western  equine  encephalltl 
virus' 

In  Dermanyssua  emerlcanus 
in  Llponyssus  syivarlum 
In  JBajnnanyssus  gallinae 

MoS(iui'i||,  

Yell fey r vlrua  . 

in  Haem3|;ogus  caprlcornl 


Survival 


Reference 


exptl;  12  dj  transmitted 


present 
exptl;  2 wks. 
” 3 wks . 


may  harbor  virus  in 
natuy^ 
exptl;  2 d 


may  harbor  virus  In 
nature 

tf 

harbor  virus  in 
nature 

nay  h«bor  virus  In 
na1 


present 


Hurlbut 


Howltt 


exptl;  present;  trans- 
mitted 

present;  transmitted 

N tt 


present 


present 

n 


« 

II 


in 
in 

In  Culex  fatlgana 


«i 

It 


exptl;  present;  trans- 
mitted 

present;  transmitted 
« « 

exptl;  39  d;  transmitted 


19^0 


Melnlck  19i|-9 
Melnick  19U 
Paul  1941 
Rendtorff  1943 
Sabin  1942 
T^ney  1941 
Trask 1943 


Smith 

Smith 

Smith 

1941 

19|4 

1945 

Howltt 

1948 

Miles 

Reeves 

Sulkln 

1951 

1947 

1945 

Bates 

Bushell 

Bugher 

Davis 

1944 

1933 

table  (GOIiT'D)  THE  SURVIVAL  OP  VIRUSES  IN  INSECTS 


Factor ( « ) 


Survival 


Reforenoe 


MOSQUITOES  (coi;t*d) 

YelTbtJ  foyer  virua  (coiit'd) 


of  unoaqiti  tooa 


in  Aedea  afrloanus 
in  Aedes  egypti 
in  Aedes  egypti 


in  Aedoa  egypti 
in  r-oaquitoes  <! 

30c  for  llj.  d, 
thereafter  '■ 

in  Haemagogus  capricorn! 
in  Aedea  afrlcanus 
Nearly  all  tissues 
of  approx  A .20  spp  , - 

in  Xfedes  egypti  ' 

killed  vxin  ether  > 

” ” tobacco  srabk 

" '*  KON  f 

” " Chloroform 

starved 

in  Haemagogus  equinus 

" spogazzlnil 

in  Haernagogus  capricorn  I 
in  ” equinus 

in  Aedes  egypti 
Dengue  fever  virus 
In  jriosquitoes 
Temp  I b'el»,>w  18C 

” above  " 

in  rnosqul  Loca 
in  Aedea  t»gynl3 
in  moso'i .1  to“ia 
in  Aei'ja  egypti 


in  Aede.s  .acv\1/ollari a 
in  Aedes  egypti 


eqn inus 


Inoe:  titer  of  1 billion 
lethal  dosas/cc 
Rec'-'v: 

Immediately  after 
1-2  trill  lion  lethal 
(loses 

2 wks  " 1%  of  InoCo 
oxptl)  2 wksj 
present j tran/nriittod 

If  H 

duration  of  life  of  mos- 
quito (wlilch  may  bo 
over  200  d) 
present;  transmitted 


exptl;  present;  32  d 
present;  transmitted 

M II 

through  life  of  mosquito 


4 hr  So 
20  hrs. 

45 >.5  hrso 

f"l  hr 8, 

17.5  hrso 

present 
exptl;  present 

ft  II 

multiplied 

pi’osont;  transmitted 
lose  Infectivity 
I’ogain  " 

174  d;  transmitted 
present;  transmitted 

II  II 

duration  of  life  of  mos- 
quito (which  may  be 
over  200  d) 

exptl;  present;  trans- 
mi t tod 

present;  virulence  may 
lesson  with  serial 
passage;  lives  longer 
in  live  than  dead 
tissues 


Davis 

Haddov/ 

Hargett 


Horms 

Reed 


Ross 

Shannon 

Smithburn 


"Waddell 

Waddell 

Waddell 

Whitman 

Ashburn 


Blanc 

Chandler 

Mathoson 


Herms 


1933 

1948 

19i|4 


1950 

1900 


1950 

1938 

1949 


Stelnhaus  1947 


1948 

1947 

1937 

1907 


1950 


Mackerras 


Simmons 


1931 


TABLE  (CONT‘D)  THE  SURVIVAL  OP  VIRUSES  IN  INSECTS 


Pactor(s) 


Survival 


Reference 


t 


# 


MOSQUITOES  (oont»d) 

St,  Louis  encephalltle  virus 
iri  Culex  taraalis 
” pipiena 
" coronator 
" qulnguefasclatua 
Aedes  lateralis 

" • taeniorhynchua 

" vexans 


Theobaldla  incidena 
Culiaeta  Inornata 
In  Aedes  dorsalis 
-•dn  Culex  taraalis 
InllBulex  pipiena 

" qulnquefaaelatua 
Anopheles  punctlpennla 
” qiiadrimacula- 
tus 

Aedes  egyptl 

” trlaerlatus 
" vexana 

In  Culex  taraalis 
" pipiena 
Culiaeta  Inornata 
Pollomyelltla  ylrua^. 
in  Culex  peliena 

Aedes  aloopictus',- 
Eastern  equine  encephalitis 
virus 

In  dullseta  melanura 
In  Aedes  vexans 

" solllcltans 
” cantator 
” atropalpua 
” trlaerlatus 
In  Manaonla  perturbans 
In  Aedes  egypti 

■ In  Aedes  egypti 

” solllcltans 

All  tissues 

of  Aedes  egypti 

In  Aedes  alboplctus 
” solllcltans 


It 

II 

II 

II 


dorsalis 

lateralis 

genlculatus 

vexans 


exptl;  present;  trans* 
inltted 

present;  transmitted 


Hamnon 

Hammon 

Hammon 


19l|3 

1947 

1943 


exptl;  piemnit;  trans-  | 
mitted  j 

Smith 

1941 

present; 

transmitted 

Stelnhaus 

1947 

3 wks. 

Paul 

1947 

present; 

transmitted 

Chamberlain 

1951 

exptl;  present 
present 

at  least  36  d;  trans- 
mitted 

1,000-10,000  fold  in- 
crease; 63  d 
present  for  duration  of 
life  but  able  to  trans 
mit  only  approx,  2 mos 


present;  transmitted 


Matheson  1950 

Howitt  1949 


Kelser 


Merrill 


Merrill 


1933 


1934 


1935 


Steinhaus  1947 


w 


TABLE  PONT » D 1 THE  STIRViy,AL  OP  VTHTTRTSfl  TW  TW«ttr!«wi 


Paetor(s) 


MOSQUITOES (oont'd) 

Weatex»n  equine  enoephalltla 
yiruB 

In  Aades  dorsalis 
Culox  tarsalls 
in  « " 

In  " " 

in  Aadas  taenlorhynohua 
In  Culox  ooronator 
Thoobaldla  Inoldona 

in  CKilox  taraalla 
•*  pi  plans 

Cullsata  inornata 
in  Aedes  dorslala 

^ yiruB 

In  Culox  trltaoniorhynchua 
" plplens  var. 
pallons 

in  Culox  tritaonlorhynohus 
in  Aadas  ohamnlpoansls 
Culax  piplons  var, 
pallons 

Tamp,  of  6-12C. 

in  Culox  qulnquefasoia- 
tus 

in  mos^ltoas 

in  Culax  qulnquafasolatus 
" annullrostris 
Lymphoevtio  ehoriomaningitis 
virus 

in  Aadas  agyptl 

Tanp»  of  26-34  C. 

Tamp,  of  37C,  25C,  or  low- 

(or 

in  Culax  piplons 

" alboplctus 
Encaphaloinyooarditla  virus 
(mngo  anoaphalomyalltls 
virus) 

in  Taaniorhynchus  fusoo- 
pannatua 

Taaniorhynchus  spp. 
Vansaualan  aauine  onoophal- 
itis  virus 

in  Aadas  taaniorhynchus 
Anopheles  naoxnecull- 
palpls 

Mansonla  tltlllans 


Survival 


Rafarenca 


presant;  transmitted 

ft  It 


axptl;  present;  trans* 
mlttad 


presant;  transmitted 

ft  » 


axptl;  present';  trans- 
mitted 
present 

axptl;  15  d;  transmltt* 
ad, 

axptl;  15  d;  not  trans- 
mitted. 

91  d 


axptl;  multi pliad-max, 
titer  recovered;  17d 

axptl;  present 


axptl;  present;  trans- 
mitted 

axptl;  present 
axptl;  not  presant 


Hsmmon 

Hammon 

Hanmon 

Kaiser 


1947 

1945 

1943 

193fl 


Stalnhaus  1947 


Stainhsus 

Thompson 


1947 

1951 


Hammon 

Hammon 


Huang 


Hurlbut 

Hurlbut 

Hurlbut 


1949 

1949 


1951 

1949 

1948 


Coggeshall  1939 


Mi  Is  a r 


1942 


present 


Pick 


1948 


present;  transmitted  Mathason  1950 


TABLE  tP-  ^ (CONT'D)  THE  SURVIVAL  OP  VIRUSES  IN  INSECTS 

I 


j H PflCtor(s) 

Survival 

Roference 

J 

MOSQUITflES  ( cont ' d ) 

Venezuelan  equine  encephal- 

exptl;  preseni!^  trans- 
mitted 

present.}  transmitted 
px'osenL 

present;  transmitted 

1 

1 

Roubaud  194^ 

Laemmert  1947 

I'loca-Ourcia  1944  i 

i 

Smlthburn  1948  | 

itl^vlrus  (cont'd) 
in  Aedes  f>;eniculatus 
” aegypti>i 

” albopictus 

‘ Neurotropic  virus  group 

in  Aedes  spp. 

Psorophora  spp« 
in  iTioa^uitoes 
Rift  Valley  fever  virus 
in  Eretmapoditea  spp. 

Aedes  spp. 

REDUVIIDS 

1 

Yellow  fever  virus 

1 

in  Triatoina'  meglsta 

exptl;  1 wk;  not  trans- 

i 

mlttad  by  bite 

Davis  1933  ' 

Western  equine  onoephalitla 

virus 

in  Triatoina  sangulsuga 

present;  transmitted 

Kltselman  1940 

Venezuelan  equine  encephal- 

Itis  virus 

^ in  Trlatoma  infestans 

exptl;  present;  not 

1 

transmitted;  17  d 

Lepine  1941 

Ticks 

i 

Yellow  fever  virus 

*■  y 

in  Amblyomma  cajennense 

iB  d;  not  trans.  by  bite 

i 

Argas  persicus 

6 d;  " " tt  n 

1 

Rhlpicephalus  sanguin- 

^ .1 

eus 

23  d;  " ” " " 

r-;i 

Boophllus  microphilus 

10  d;  « ” ” " 

0 

exptl . 

Davis  1933  1 

Eastern  equine  encephal itia 

i 

virus  ' 

■i 

in  Dermacentor  anderaoni 

exptl;  present;  trans- 

. ^ 

mitted 

Syverton  1941  ^ 

Russian  spring  and  suiraner 

enoamlialitls  virus 

inKcodes  persulcatus 

present;  transmitted 

Chumakov  1939 

ijj  W « « A 

It  ft 

Chumakov  1940 

in  Ornithodoros  itioubi^ 

exptl;  i).0  d 

Parker  1942 

All  organs  ^ 

present 

gut 

2B  d 

of#,IXQdes  persulcatus 

PavlovaBti  1940 

St.  Louis  encephalitis  virus 

w 

in  t)0macentor  v^iabllls 

exptl;  present;  trans- 

r 

t 

'iA  Asnp  of  12, Be 

mitted 

Blattner  1941 

exptl;  10  mos.;  trans- 

™ ^ in  Dermacentor  varia™ 

mitted 

bills 

' 

Blattner  1944 

I 

TICKS  (cont'd) 

Colorado  tick  fever  virus 
In  Dermacentor  andersonl 
in  ” varlabilia 

In  ” anderaonl 

Lymphocytlo  chorloTnenlnpiltl; 
vlrutffflE 

in  Doriracentor  andersoni 
Peces 

of  Dermaoentor  anderson;. 


present;  trans 
exptl;  present 
mitted 

present;  trans 


present;  trans 
exptl;  present, 
mitted 


Roferencea  (Inoocta) 


1.  Abevjfr,N.  19, ft?  UeboT'  d,-‘n  Nachwels  von  Typl^uabaclllen  in  Lausen 

Iryphus  Krankor,  Munoh,  Kou.  Ivochnachr . ^ ^ki  1924* 

2.  Adlep;^  Soj,  aiid  Ashbelj,  R.  1942  The  behavior  of  Spirochaeta 

peraica  in  Pediculua  bumanus,  Ann.  Trop.  Mod,  Paraaitol. a 

fe^’F96.  ' 

3.  Adler,  S,.,  and  Bar,  M 1941  The  transmission  of  Lelshrianla 

tropica  by  tho  bite  of  Phlebotomus  papatasil,  Indian  J,  Med. 
~Res.‘,  29 , 003  009. 

4*  Adler,,  S.  ,"ahd  Theodor,  0.  1929  Attempts  to  transn:il  L\l^  ■ 

mania  i,?_opl:a  by  bite::  the  tranvsmlasion  of  L>  tropica  by 
PKX^i'  Vc.xnJ-3~~ aergentl . Ann,  Trop.  Med,  Paraaitol.,"^,  I -8 

5.  Adler  S',  '19lJ3T  ’C’utaneua  loiahmaniasia . Pro,  4^'h  Internal, 

Cong.  Tiop  Med.  Malaiia,,  Abt.,  Wash,  D.G.i^ 

6.  Alessandrlni  , G.  , and  Sampietro,  G.  The.;,  vitality  of 

cholera  vibrionea  in  milk  and  on  the  fly.  Ann.  Igiene  Sper.^ 
623  ■6b'0, 

7.  Allcata  J E-  '9i|2  Experimental  transmission  of  endemic  typhus 

fever  by  fVm  avicktight  flea  (Echldnopbaga  gall  Inacea)  ■ ,T , 
'^ash,  A. --id.  Sci.  32,  b'7  60.  w 

8.  Andrd , C,  190fl  'Oji  fires  and  the  dissemination  of  tubercle 

bacilli)  (Quoted  by  Norms  3939.  p.  298.) 

9.  Anlgstein  L . and  Bader  M.N,  -943  investigations  on  rlckett-- 

sjal  In  'i'oxa.o.  I,  EiiiUei'iiol  ogicol  role  of  ticks 

come, (.111  :,i’.  (■  ill  i(:;lri;  i('n  tr  local  siiotted  fever, 

Tex  , Ib-i'  ' . : : to;-  1 :,t’ 

10,  Antonolii  Pf  , i.c.l.ino  ciornostlca,  Glor,  d. 

I',  Se.-..,  ital  d b.'.  3:.: 

11,  Arkwright,  J.A.  and  Eo.;o''  AW-  Investigations  of  the 

etiology  of  typbuv  I'ov'"  -i  ■ i i y r'.nciortnk.en  for  the 
Egyptian  dovoj  n,!T":>' . m,  ' B:.  .pn'.,).:  i..  .'.'allh  Loboro lories  Cairo 
Brit  J Exp‘ .,  I'rilh  ,'0. 

12,  Asbburn  P M-  ,-,no  \.  i-g  C E,  1907  Experimental  investigations 

regordiiij:,  tlie  o'- i o7  c-gy  of  nongu?  fever,  Philip,  J,  Scl,,  D. 

2.  93  Il.|7 

13,  Atkin,  E.E,  and  Bacol.  A.  1922  Experlii.ents  on  the  infectivity 

of  typhus  virus  contained  in  line  ( Pediculus  hum anus  and 
^edicinus  loriy,iC‘=‘ps ) , r^rit  . J Expti  , Path.,'~]3j,  I9S  203* 

14,  Bacot.r'X.*"'  T9I- ” On'  tho  persi-stenoo  of  bacilli  in  tho  gut  of  an 

insect  during  r-etomorphoc;! s , Trans.  Roy-  Entomol.,  Soc, 

London  Pt,  II  497  500. 

15»  Bacot^  A,.,  and  Martin.,  C.J,  1914  Observations  on  the  mechanism 
of  the  transmission  of  plague  by  fleas.  J.  Hyg. , Plague 
Suppl.  Ill,  13  423  439. 

16.  Badger  L.P  Rocky  Mountain  spotted  fever  virus  recovered 

fTicm  the  dog  tick  Derinacentor  yarlabilis  found  in  nature. 

Pub,  Hoalth  Rept.  , T;7~~ 2364  -2369. 

17.  Bahr„  P.H,  and  Comb,.  H.  1914  A study  of  epidemic  dysentery  in 

Fiji  Islands  , Brit,  Meii,  J,„  3^.,  294 '296. 

10.  Bang.,  F.B.:  and  Glaser,  R.W,  1943~*  Tl^, persistence  of  polio- 
myelitis virus  in  flies  . Am.  J - 2L-'  320  -324> 

19,  Barber„  M.A,  1914  Cockroaches  and  ant-s  as  carriers  of  the 

vibrios  of  Asiatic  chclera.  Phill]),  J,  Sci..,  >-3er.  B,.,  9.,  1 

20.  Bastianell.1 .,  G._  Blgnami , A.E.,,  and  Grassl.,  B.  1098  Cr^ltTves- 

lone  deile  s'-miiune  malarlche  dell’  vomo  nell^  Anopheles 
olaviger  Pobr..;  notaprellrninare , Atti  Re,  Accad,  Llncei.; 
Rendio  ,r  7..  31 3 * 


• .•  Atiiltaeir/lati'Sw:- 


21.  Bates,,  M„  1944-  Salmirl  monkey  as  an  experimental  host  for 

thd  virus  of  yellow  fever.  Am,  J,  Trop,  Med,,  83--89» 

22.  Beck,  (31,,  and  Coffee,  W,B,  1943  Observations  on  Salmonella 

typ^lruurlvim . J,  Bact,,  200, 

23.  Bertarelle,  E.~  I9IO  Vorbr^tun^  des  Typhus  durch  the  Pliegen, 

Zentr,  Bakt,  Parasitenk,  Infekt,,  I Orlg,,  4Q6••■1^95^ 

24.  Bitter,  R,So,„  and  Williams,  O.B.  JLl9il-9  lintoric  organisms If  ro% 

the  American  cockrouch.  J.  Infectious  Diseases,  |7''90, 

25.  Blanc,  Q,,  and  Baltazard,  M,  1941  Plague  infection  or  Pjuex 

irritans . Compt,  rend,  acad,  sci.,  Paris,  213,  813*  81b. 

26.  Blanc,  O.R. , and  Baltazard,  M.  194^  Transmission  du  bacllle 
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THE  EFFECT  OP  PRESSURE  ON  THE  SURVIVAL 
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Pactoi*(«) 

SsohTlGhla  coll 

5.000  atm.  hydrostatic  kS  min 

pressure 

10.000  bolts  In  sn  evacou-  1 hr. 
ated  tube 


Survival 


500  Ib./aq,  in, 
900  " « '» 

500  « « '» 

900  " " « 

250  » " » 


of  argon 

II  >1 

” nltroger 

II  ti 

" nitrous 


0-75^  burst 
30-46$^  burst 
l4-20jg  burst 
burst 
0-5/^  burst 


0x1  de 

50Q  lb,/sq.  In,  of  nitrous 
oxide 

750  Ib./sq.  » '•  " 

oxide 

500  Ib./sq.  in,  of  carbon 
dioxide 

20  ml.  of  log-phase  cult., 
37C,  500  Ib./sq,  in.  of 
nitrous  oxide 
5,000  Ib./sq.  in,  at  high 
temp. 

5.000  lb,/sq.  in,  at  low 
temp. 

In  presence  of  quinine 

1.000- 2,000  Ib./sq.  In. 

In  presence  of  quinine 

4.000- 6,000  Ib./sq.  in, 

T AAA  TK  / m>^  4 T riff 

temp* 

1.000  Ib./sq*  in,  at  high 
temp. 

Hydrostatic  pressure  of 
1,000  Ib./sq.  in.,  below 
37C 

Hydrostatic  pressure  of 
1,000  Ib./sq.  In.,  above 
37C 

Aerobaeter  aerot^anes 

05-100  thousand  Ib,/aq.  in, 
50-65  " If  ft  « 

30-45  " It  n If 

Salmonella  typhoaa 

5.000  atm.  nydrostatlc 
pressure 

10.000  volts  In  an  ovaccu- 
ated  tube 

40-45  thousand  Ib./sq,  in. 
Salmonella  paratyphi  A & B 
10,000  volts  in  an  evaccu- 
ated  tube 

Salmonella  typhlmurium 

High  tension,  low  pre a sure 
ultraviolet  lamp  in  teat 
tube  of  liquid  cult. 


54-7By^  burst 

53- 56^  burst 
48-56^  burst 

54- 7 8$^  burst 


Increpsoa  rate  of  dis- 
infection 

Decreases  rate  of  dls- 
Infe ctlon 

Decreases  rate  of  dis- 
infection 

Increases  rate  of  dls- 
Infoctl  on 

p* ^ ard  s "ro’-’t-h 

Accelerates  gro»»th 

Retards  growth 


Accelerates  growth 


4-5  min, 
10  min, 

1 hr. 

45  min, 

1 hr. 
Killed 
1 hr. 

5 min. 
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TABLE 


/? 


(CONT'D)  THE  EFFECT  OP  PRESSURE  »N  THE  SURVIVAL 

OP  MICROORGANISM^ 


Factor (s ) 


S.  typhosa  bacterlophapie 
ij.^00  atnio  of  pr'esWre 
Bacillus  gubtllls  bacterlopha 
4^00 ’atm 


Bac^^us  mepiatherlxm  bactarlc’ 
llS'^O  atm,  ^ 

Rabies  virus 
4000  atm 
Herpes  virus 
tobo  atm,  " 

Yellow  fever  virus 
3000  atmo 

Foot-and-mouth  virus 
5066  atmo 

Encephalomyelltla  virus 
<ofj00  atm. 

Smallpox  virus 
i|-560  atmo 
Mold 

OOO^volts  in  an  evac- 
ousted  tube 
Yea3tjj*~ 

High,  tensionj  low  pressure 
ultraviolet  lamp  in  a 
test  tube  of  liquid  cult» 
High  tension,  low  pressure 
ultraviolet  lamp  over  a ■ 

85  thousand  Ibo/sq.  in,  ■ 

20— 35  **  nun  ' 

Bacteria  general 
6000  atm,  pressure 
12., 000  atm,  pressure 
6000  atm, 

400  atm,  hydrostatic  pres- 
sure, 30C 

600  atm,  hydrostatic  pres- 
sure, 30C 


Survival 


Resists 


Roaists 

«w 


eaists 
30  min. 


« 


45  min, 

1 hr. 

10-15  min. 
More  time 


a 


5 min, 

1 hr. 

I * 

Non- spore  formers  14  hr, 
'Spores  14  hr. 

Non-'spore  formers  des- 
troyed 

Marine  bacteria  4 d. 


Reference 


Basset 


Waeaer 

Dognon 

lilies 


Hite 

f 

iLarson 
n 

Waesfcr 

Zobell 


1937 


ft 

fl 

1937 

1930 

1935 


1914 

H 


1918 

ft 

•y  o 

1950 

It 
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THE  EFFECT  OP  PRESSURE  ON  THE  SURVIVAL 
OF  MICROORGANISMS 


TABLE  r 


Pac  tor( a ) 

Survival,  ? 

Reference 

Streptococcus  faecalis 
IOjOqo  volts  -In  an  evac- 
cuated  tube 

Streptococcus  cremorls 

85“l6oftthouaand  lb,/aq.  in. 
50-65T  " n •»  n 

30-45  ffl  II  « « 

1 hr, 

4-5  min. 
10  min, 

1 hr. 

Dognon 

Hite 

H 

It 

1930 

1914 

Micrococcus  aureus 

3000  atiHo  pressure. 

.Rocov,  /, 

45  min. 

Basset 

1932 

ordinary  temp. 

Liquid,  6000  atiTio  ^ 

t 

" 0, 

time  not 

given 

« 

M 

ordinary  temp. 
Micrococcus  spp. 

50(50-  atm„  hydrostab  ic 
pressure 

10,000  volts  in  an  evac- 

45  min, 
1 hr. 

«l 

Dognon 

II 

1930 

cuated  tube 

Mycoba^e>ium  tuberculosis 
Llqulfc  300O  atm, , ordinary 

Recov.  /, 

45  min. 

Basset 

1932 

temjr. 

Liquid,  6000  atm, , ** 

0, 

time  not 

given 

ft 

H 

temp, 

Paateuralla  sp, 
^ 2666  atm. 

30  min. 

3asset 

1937 

Bacillus  subtilia 

ilquid  at  it.,^00  atm,. 

Recov,  /, 

45  min. 

Basset 

1932 

ordinary  temp, 

20,00b  atm,  hydrostatic 
pressure 

Bacillus  anthracls 

10,000  volts  in  an  evac- 

■>  k5  min'. 
1 hr. 

*1 . 

Dognon 

1 

— ^ 1^  1 

1930 

cuated  tube 
Proteus  vulearis 

10,600  volts  in  an  evac- 
cuated  tube 
Serratia  marcescens 

Liquid,  366O  atm,,  ordinary 

1 hr. 
Recov,  /, 

45  ailn. 

n 

Basset 

II 

1932 

temp. 

Liquid,  6000  atm,,  " 

1 0, 

time  not  given 

n 

If 

temp, 

10,000  volts  in  an  evaC'’* 

1 hr. 

Odignon 

1930 

cuated  tube 

85-100  thousand  Ibo/sq,  in, 
50-65  " « if  n 

30-45  **  « ti  II 

Corynebacterium  dlphtheriae 
40-45  thousand  lo/sq,  in, 
Diplococcua  •oneumonine 
5606  atm,  hydrostatic 
pressure 

Micrococcus  bacterlophap;e 
1660,  atm,”  ■■ 

4-5  min. 

10  min, 

1 hr. 

Killed 

h5  min, 

Recov, • 10^-10®,  30  min. 

Site 

n 

If 

If 

Basset 

N 

1914 

II 

It 

II 

1937 

tf 

References  (Preaauro) 


1»  Basseti  J,,  and  Maoheboeuf«  193^  Resistance  of  bacteria 

to  very  high  pressure.  Compt.  Rend.  Acad.  Sol.,  19$.  1431- 

1433. 

2.  Basset,  J.,  and  Maoheooeuf,  M.,  Wolohan,  K.  1937  Researches 

on  patho{ienic  inicrobes  and  their  toxins,  on  invisible  viruses, 
bacteriophages  and  malignant  tumors.  Ann.  Inst.  Pasteur, 
$8-77. 

3»  Dognon,  A.  1930  Resistance  of  bacteria  to  low  air  preasurej 
possibilities  of  biological  study  of  slightly  penetrating 
rays,  Compt.  Rend.  Soo.  Biol.,  103,  886-Q87. 

4.  Preser,  Dean  19$i  Bursting  bacteria  by  release  of  gas  pres- 
sure. Nature,  Iionrlon,  167,  33”34* 

$,  Oilles,  S.  193$  Bacilli  atoriliaed  by  means  of  high  tension 

lamp  which  emits  ultraviolet  mys.  Compt.  Rend,  Soc.  Biol., 

118,  II1.40-1442. 

6,  Hite,  B,  H,,  Ciddiugs,  II. S.,  and  V/oalcley,  C,  E,,  Jr.,  1914  West 

Va.  Agr,  Rxp.  Stn.  Bull. 

7,  Johnson,  *.H,,  and  Leviin,  I.  I9ll^  Bacterium  coll:  dlslnfeci,- 

lon  in  relation  to  teviporature,  hydrostatic' ' pressure,  and 
quinine.  J.  Cen.ulor  Comp,  Physiol,,  28,  23-4$. 

8,  Johnaoi  , ?.H,,  and  Lewln,  I.  19i|8  The  dirTnf ection  of  Es- 

cherichia C0II  in  relation  to  temperaturo,  hyclrostati'c  pres- 
sure and  q\iininn,  J,  Cellular  Comp,  Physiol,,  28, 

9,  Johnson,  P.H.,  and  Lowin,  I.  1948  Influence  of  pressure, 

tempo  rat ure , and  quinine  on  rates  of  growth  and  dla infec- 
tion of  EacherlcViib  coli  in  logaritVimic  i';rowth  i-haec.  J. 
Cellular  Comp,  pKysibl.,  77-97* 

10,  Larson,  W.P.,  Tlartr.ell,  T.B.,  and  Diehl,  H,S.  1918  Effect  of 

high  pressures  on  bacteria.  J.  Infec,  Dis,,  22,  271* 

11,  Lewln,  I.,  and  Johnson,  F,H.  1948  The  relation^  pH  and 

quinine  to  rowth  and  disinfection  rates  of  Escherichia 
coll.  J.  Baot. , 91.  602. 

12,  Waeser,  D.  1937  ReacTTons  «t  highest  pressures  and  appa- 

ratus therefor.  Choin. -Zeitung, , 61,  $34* 

13*  Zobell,  G.E.,  and  Oppenheiii'er,  C.H.  T^$0  Some  effects  of 

hydrostatic  pressure  on  the  multiplication  and  morphology 
of  marine  bacteria.  J.  Bact. , 60,  771-781. 


( 


STOARY  OP  ABBREVIATIONS  USED  IN  TABLES 


•lk« 

alkaline 

avg. 

average 

c. 

Decrees  centigrade 

Col. 

Colonies 

oonc. 

eonoentrstion 

cont'd,  eont. 

continued 

ct„ 

count 

cult. 

culture 

d * 1 ds« ( dss • 

day  or  days 

Dassic. 

Desiccate 

dll. 

dilution 

P. 

Before ea  fahrenhelt 

n. 

fluid' 

a.p. 

Oulnea  pig 

gel. 

Oelatln 

h,|  hr 8, 

hour  or  hours 

ine. 

Inoreaao 
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aoln,,  aol'n 

solution 

app. 

apeclea 
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temperature 
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jr,,  yra. 

year  or  years 
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THE  EFFECT  OF  RADIATION  ON  BACILLUS  SPECIES 


Pactcr  ( 8 ) 

Survival 

Reference 

ULTRAVIOLET 
B.  anthracia 

1 

1939 

Uv. 

Killed 

Phelps 

Uv,  4^2  evg/rm^  at  2^37A° 

Reduc.  90^ 

Sharp 

1939 

Uv. 

Chief  factor  in  sunlight 
and  artifieal  light 

Ward 

1894 

B.  subtilia 

1934 

Uv.  ray a 2650  A° 

Little  difference  In 
resistance  of  veget, 
and  spore  forms 

Duggar 

Uv. 

Inoc,  innumerable,  Recoi; 
4?.  3 min. 

.Hart 

1939 

Uv,  62000  erg/ein 

Kll^ 

II 

1944 

- 

nw 

Phelps 

1939 

Uv.  62000  erg/cm2 

Lethal 

Sharp 

1940 

Uv. 

30  min. 

Tanner 

1930 

Uv. 

More  suseopg|:4ji]E.than 
Staph,,  Dlplococcua, 
and  Influenza  virus 

Wells 

ILU 

1945 

Uv.  1100-1400  A° 
B.  meratheritun 

Slight  germicidal  aetlcn 

McCullough  1945 

w 

Uv,  ray a 2650  A“ 

Little  diffowjSce  in  re- 
sistance or*veget.  St 
spore  forms 

nJuggar 

1934 

Uv.  0.873 

5 sec. 

Herclk 

1936 

Uv. 

More  resistant  than 
B,  subtilis 

Laurens 

1938 

Uv. 

30  min. 

Tanner 

1930 

B.  ap. 

Uv.  '2537  A° 

Kills 

Lee 

IBIR 

nm — 

B.  anthracia 

1885 

Sunlight 

Easily  destroyed 

Arlolngs 

Artificial  light 

fl 

II 

Bouillon,  3^-39C,  sun 

2 hr. 

Tt 

ff 

Diffuae  aunlighti  dry 

uReduc,  50^»  few  mo,, 
100^  in  23  yr. 

Graham-Smith 

1930 

Sunlight,  nutrient  medixun 

24  hr. 

Rouz 

1887 

air 

>83  hr. 

n 

Sunlight  " " 

n 

no  air 

Inoc.  1 loon  24  hr. 
cult,,  Recov,  0,  15 
min. 

Sunlight,  40C 

Ukll 

1927 

Sunlight 

Partly  killed,  1-1^  hr. 

Ward 

1890-94 

Gelatin  agar  plates,  18C 

2-6  hr. 

n 

1892-93 

Sunlight 

8 hn. 

Welnzlrl 

1914 

Blood  from  dlaeased  cov; 
dried  on  gauze  in  dlf- 

Killed  guinea  pigs  in 
36  hr. 

McCullough  1945 

fuse  sunlight 
B.  subtilia 

Sunlight 

8 hr , 

Welnzlrl 

1914 

B.  megatherium 

ff 

ti 

Sunlight 

tf  M 

TABLE  /?/_  (00NT*I3)  THE  EFFECT  OP  RADIATION  ON  BACILLUS  SPECIES 


Pactop(a) 


ULTRASONIC 
B«  anthraols 

Saline,  ■nltrasounda 
frequency  320  ke. 

B.  tneRRtherluw 

tlltrasounds  ' frequency 
320  kc. 

OTtiliR  RADIATION 
B.  anthracls 

10,000  V,  in  evacuited 


Survival 


Inoo.  3*5x10^,  Re due. 

97.5/^»  hS  win, 

Inoc.  I4..I1XIO®,  Reduc. 
h$.  Fir  . . . 


Reference 


Ora bar 
n 


194-5 


tube 

B,  aubtllis 
Migh  voltage 


cethode  rays 


1 h. 

1 sec* 


Dognon  1930 

Porter  1947 


( 


TABLE  THE  EFFECT  OP  RADIATION  ON  BACTERIA  (GENERAL) 


Fector(a) 

Survival 

Reference 

ULTRAVIOLET 
U.v,  on  water 

Paw  sec. 

Bujwld 

1945 

" ” bacteria  of  air 

Kills 

Buttolph 

" artlon  on  gram-positive 

bacteria 

Became  gram -negative 

Cornovodeanu 

Uv,  action  on  acid-fast 

Lost  resistance 

Tf 

Short  v*ave  lengths  on 

1924 

water  borne  boot. 

Kills 

Coblentz 

Uv.  raya  12^0-1600  a“ 

More  easily  destroyed 
by  heat 

Curran 

1938 

'•  " 26-52  A® 

Reduc.  99. 9^^,  26 0 min. 

DUggar 

1934 

" at  254  mm. 

Maximum  effect. 

Gartner 

1947 

" on  pathogenic  org.  in 

Type  oi  saHt  had  no  effe 

ct 

1928 

dlat,  water  & different 

except  in  few  cases 

Gutfeld 

salt  solutions. 

1943 

Uv.  3000  if 

Kills 

Hollaender 

House  dust  with  Uv, 
Uv. 

Recov,  225/10  cu,  ft,, 

30  mlr. . 

Resistance  lower  in  non- 
plgmentod.  Org.  which 
excrete  pigment  to 
medium  have  low  resis- 
tance 

t1 

Ishmenetskll 

1946 

Uv,  2537  i^j  with  room 
lights  on,  in  air. 

Respiratory  org,  recov, 
0.5?f,  2 hr. 

I&ioi'ilea 

1950 

Uv,  partial  radiation 

Not  given 

Lidwell 

1946 

” absorption 

Bocterlcidrl 

It 

1948 

open  agar  plate 

15  min , 

Miller 

20  mlcro>ratts/sq.  cm. 
2537  A®  in  air. 

R(r,rov.  edcviunte  disin- 
fection, 250-500  sec. 

Mudd 

1944 

Uv,  30  mlorowatts/sNi,  cm. 
2537  A“  in  f.lr 

Water  contanlncted  with 
clay  and  turf,  Uv, 

Racov,  same,  167-334  i 

sec. 

Not  30  ocsily  stor.  as 
clear  water 

II 

2 lor.i 

Uv,  rars 

tf  II 

The  bactericidal  effect 
not  due  to  action  of 
HNO^,  O3  or  water  but 
to  direct  action  of 
rays  on  protoplasm 
Older  restlnp  cells 
more  resistant  than 
younger  cells  iu  cell 
dlvial  on 

It 

Oster 

1934 

If  II 

Reduc,  0,2  sec. 

Perkins 

1929 

n II 

'*  '*  on  air 

If  n 11 

Larger" forms  more 
' resistant 
Eacterldldal 

Rentschler 

1940 

11  II  II 

1/10  as  reslstpnt  in  air 

as  in  agar.  More  re- 
sistant at  high  R.H.; 
Less  resistant  if  first 
exposed  to  heat. 

If 

1941 

Loi«»  proas,  Hg,  discharge 

35^  ki lie  d/4  tantalum  un 

Its.  « 

19 1 2 

in  Uv,  trcnsraitting  glass 

TABLE  (CONT‘D)  THE  EFFECT  OP  lUDIATION  ON  BACTERIA  (GENERAL) 


Fflctor(s) 

Survival 

Reference 

ULTRAVIOLET 

36.0;J»  killed/4  tantalun 

r 

! 

Low  press.  Hg  discharge  in 

quartz 

tmlts 

Rents  chler  194< 

Open  am  beta  u carbon 

[46.6^  killed  " •' 

units 

ft 

ft 

Quartz  arc 

36.0^  killed  ’•  ’• 

ft 

ft 

I 

' units 

Uv.  in  air  condition  system 

Baotoricidal 

Rents chlor  194< 

It 

tt 

Robertson 

1940 

Uv,  on  thermobactoria 

jnoc.  71*000,000,  Reduc. 

1 

1 

99^ 

Schnegg 

1936 

Uv,  exposure  on  water 

Inoc.  2,000/cc,  Recov. 

0,  25  sec. 

Schwarz 

1911 

Uv.  on  water  bact.  in  raw 

Inoc.  300,  Recov.  0, 

water 

15  sec. 

n 

Uv.  exposure  on  water,  flow 

Recov.  0,  6 sec. 

1 llter/min. 

Inoc.  1500/cc,  Recov, 

ft 

tt 

Uv,  on  spore  bact.  In  raw 

fi 

ff 

water 

practically  0,  15  sec. 

Uv. 

Twice  as  rmch  energy 

noedod  to  kill  spore 

ns  vog.  fonn 

Sharp 

1939 

Uv, 

Hot  ,‘;ivon 

Sterckx 

1935 

Uv. 

The  (iostructlon  depends 

on  surrounding  factors 

Valndrakh 

1939 

Uv,  on  high  vacuum 

Lethal 

Wells 

1929 

Uv.  dry  air 

More  gormicidal  in  dry 

ft 

1940 

air 

Uv. 

The  greater  the  R,H,  the 

less  the  killing 

Wells 

1942 

Uv.  in  air 

Kills 

Wells 

1943 

Uv,  0.002  foot  watt  min./ 

Lethal  effect 

Wells 

1945 

cu.  ft,  of  air 

I/v. 

10-20X  Ttioro  germicidal 

Whisler 

1940 

ill  di’y  air 

Uv. 

Enorfiy  for  killing  in 

Wyckoff 

1932 

uv,,  lOOx  greater  than 

1 

x-ray 

Uv. 

Most  bactericidal  at 

2650  A 

Porter 

1947 

Uv. 

When  uv,  is  used  bact. 

Kralssl 

1942 

ct.  5*  greater  than 

when  not  used  in 

Uv.  25OO-3OO0X 

surgery 

Bactericidal 

Rahn 

1932 

Carbon  arc  source,  3287- 

2265a 

Bactericidal 

Downes 

1877 

Hanaver  Hg  lamp  on  gram  / 

Rocov.  0,  1-2  min. 

Gartner 

1947 

It  M It  It  It  _ 

Re'iov,  0,  15-30  sHc, 

Gartner 

LIGriT 

Sunlight  in  cities 

Important  in  destruction 

1 Clement 

1886 

Long  continued,  strong, 
direct  sunlight 


Bactericidal 


iDeLarequette 

1918 


TABLE  (CONT’D)  TKE  EFFECT  OP  HADIATIOIT  ON  BACTERIA  (OENERAL; 


Pactor(a) 


LIGHT  (eont'd) 
Sunlight 


Tissue  made  anemic  by  press^ 
in  sunlight,  4mm.  depth 
Sunlight 

” , waves  shorter  than 

3100  AO 

Subnormal  sunshine  and  ppt. 
Sunlight 

Sun  on  pathogenea 
Sunlight  on  sea  bact. 


Direct  sunlight,  110-120P 
Sunlight 
Light 

Direct  sunlight,  2Tnm,  deep 
S0a''bect, 

Direct  sunlight,  lOmm,  deep, 


Survival 


Lethal  effect  depending 
on  oxidation 
Destrbys 
Recov.  0 

Kills  best  between  8AM- 
3PM 
Lethal 


Long  survival  of  infect-l Meissner 
agents  in  air 
Not  given 

ff  »» 

Hecov.  26  bact  ./ice  at 
surf,  i+20/bc  at  20 
meters  depth 
Destruction  of  org. 

Not  given 

Bactericidal  jWellB 

Inoc,  l64/ce,  Recov,  76/|2obell 
cc,  2 hr, 

Inoc.  l63/cc,  Recov,  126/ 


sea  bact* 

[ cc,  2 hr. 

Direct  sunlight,  surf 

Inoc,  238 » 

Recov* 

121, 

ft 

ft 

7 hr. 

tl 

ff 

^exposed  to  sun,  " 

Inoc,  241, 
7 hr. 

Recov, 

190, 

" " 10cm. 

Inoc,  235, 

Recov* 

188, 

n 

(t 

7 hr. 

” " " 20cm. 

Inoc,  217, 

ri 

217, 

tf 

tf 

7 hi’. 

1946 

Water' 50cm,  in  cylinders 

in 

Inoc,  4900, 

Recov 

. 0, 

Ts 

sun,  surface 

6 hr. 

n 

middle 

Inoc,  4510, 

Recov 

. 

6 hr. 

bottom 

Inoc*  67BI, 

II 

8, 

n 

n 

6 hr. 

Water  ^Ocm.  in  cylinders 

in 

Inoc*  4900, 

Recov 

. 7261, 

M 

If 

dark,  surface 

1 

6 hr. 

middle 

1 

Inoc*  4^10, 

II 

9051, 

n 

rf 

6 hr. 

bottom 

Inoc,  6781, 

n 

12591, 

n 

ff 

6 hr. 

Roentgen  ray  tubes 

10-60  min. 

Bean 

1903 

Soft  roentgen  radiation 

Gram-neg,  more  sensitive 

Gastaldi 

1949 

Hefeirence 


Downes 

It 

Emmerson 

Header 

It 


1877 

1878 
1933 

1926 


194^' 


Rossi  1924 

Granoher  I689 

S chnl d t -Nfe 1 so n 

1901 

Sternberg  1894 

Ward  1894-9p 

1940 
1935 


Roentgen  rays 


Spore-f ormera  less  re- 
sistant 
Incidental  morphological 


Rozhln-Kokhanii 

1948 


(OONT'D)  THE  EFFECT  OP  RADIATION  ON  BACTERIA  (GENERAL) 


Fnctor( s ) 


ULTRASONIC 
Sonic  energy 

Ultm sonic  waves 

..  ....vibrations 

OTHEOSciffPi^N  . 


Electric  energy 

Oontinous  current  at  260-* 
320  milllamperea  on  boull 
Ion,  98.5c 

Oontinous  current  48  Tnilll- 
amperesp  37C 

Oontinous  current  100  " 

anpe  r©  s , 

Photosensitivity 

Heat  on  thermophilie  beet. 


Survival 


Proteins  Ihterfer  with 
germicidal  action 
Death  of  eSll 
Dlaintergratlon 


Not  given 
10  min. 


2-3  hr. 

75  min. 

Oram-neg,  less  suscepti- 
ble than  gram  posit 
No  effect 


Raferonca 


Beckwith 

Kvaanlkov 

Loiseleur 


1936 

1941 


Suglyama 

2eit 


1951 

1901 


Porter 

Arrhenius 


1947 

1927 


t 


TABLIi; 


THE  EFFECT  OP  RADIATION  ON  BACTERIOPH 


"■  ■■■■■■■  ' 1 

Pfif5tor(s) 

Survival 

Reference 

ULTRAVIOLET 
E,  coll  ohape 
tJv, 

Uv,  from  alpine  aun  lamp 
1 ft,  away  of  amps 

Sh,  dysenteriae  phase 

Uv,  6 or  1,5  erg/sq,  mm„ 
per  sec.  and  P^.37  A° 

Proportional  to  its  cone 
Recov,  0,  liO  min, 

Ir. activated , larger  pha® 
more  sensitive 

Fischer  1927 

McKinley  1926 

Lnterjet  194^ 

LIOxHT 

Micrococcus  phage 

Indirect  sunlight  on  0.01 
•^0.1<^  M.B. 

Siinllght  1:100,000  methy- 
lene blue 
Virus  +-5  phage 
Daylight  bulb 

5 min , 

Greatest  inactivation 
Recov,  3^,  70  hr. 

Clifton  1931 

Porter  194? 

Latar.let  19^1 

ULTRASONIC 
E.  coll 

*^|(|rr|lSxposed  nonic 

vibration 

Exposed  to  intense  penic 
vibration 

Inoc,  70‘a''l  min,,  Recov, 
k-Olof  30  min, 

Inoc,  100^-1  min,,  ” 

6o  min. 

Anderson  1948 

If  fi 

OTHER  RADIATION 
General  phage 

Radium  7-n  microcuries 

3 d,  contact 

1 

Bruynoghie^^  1925 

1 

1 

» 

TABLE  /f'/-  THE  EPPliCT  OP  RADIATION  ON  BRUCELLA  SPECIES 


Paotor(s) 


Hef aronce 


TABLE 


THE  EFFECT  OP  RADIATION 'ON  DIPLOCOCCUS  PNEUMONIAE 


Paotor’(  8 ) 


ULTRAVIOLET 


Sunlight 


Tropical  sunlight,  ^$C 


Survival 


Reference 


Larger  strains  inor^' rei»^ 
. slstant 

Inoo.  1 loop  2k  hr,  cult 
Heoov.  0,  min. 

Dried  sputvun,  dark  J.3$  d, 

" " light  (diffuse  30  d. 

Moist  sputum,  strong  light  d. 


Dried  sputum,  sunlight 
Powdered  sputum,  dark 
" " sunlight 

Neon  light  sensitized  with 
methyl  violet 


<k  hr, 

1;  hr. 

1 hr. 

Recov.  15  min. 


\ Philibert  1926 


C 


• 

TABIE 

l''nctor(  :i ) 

■dOT  OP  ri/'i  D1 A T I ('”  Of 
AND  AERORAfffl'JR  AEHuOEHEr, 

- ' ■ i 

! 

> 

k.M  . 

i 

MdiOhA  I’l'hi 

h'-i  fov  nuc--.' 

] 

flT  rpv-i  ,1  V r-v  , ■ 1 irp 

?hyi> ..  fe.-  it  i'c'l--,  , tiiirn 

More  reals  bant  when  1 

Akr.  ysUiiD 

1935 

Vi  Diet  In"'!.'  ( i i';Ov  , 6 -0 
ar'ipt* ) di£it  t..il  lirajii 

U r V . I ay  fi . un  1 1.  r> 

eenait.l?,ed  with  own 
Immune  a e rums  . 

4o  see- 

flji  A 0 c 

"!  ‘ 1 ' ■ 

" fit  33  00  A'' 

1 hi’ 

Ftiy  no  .1 1 c ' 

Ff'i  j: 

U 

Siiortor  time  i 

Ri nc«  < 

'i 

" 295 - b mm. 

J.50-*300  rnln , i 

PtO-'’  lire.’’ 

.1  V'i  / i 

Wave  JEsngthB  :'0OO,  2650- 

Kills  i 

Ill  up/e/ 

J',  'F 

?700  Ik.  251|0  A'^ 
0 r i ^n\i  , f t , 

Kills  100®^,  1 min. 

Fn.ttolph 

134': 

Agar  bf  iitdi  .-  Ml, ■(  , pF  7 -If 

■-’4  hr. 

f ava  1,11 

t'ii  lev  , 

V/»l  Vft  J',;n>t}l.i  1.  it'Ui 

both;- 1 eifeert 

Cob  lent/.'. 

19  A ,i 

201  lO  tV' 
U.V,  .'Olti 

Kl  il  Ivig 

'■'.'bri  aimnn 

" , Ii.5-'^  H,F, 

T-'or*(--  ItlK  1 th,nn  at  h.igh 

■ d 

'.'10  .j 

c 

n 

h.vir  ; '*'1 

IrK'i'  f iirmii'o  r ' bit) ; R.'oov 

dr'-'  1 

■:4,"0.'  a,'Y./<;rT? 

0 3 m i n 

Kill:) 

ri 

■ "'‘d-l  1 

” 200  org/rr-'2 

•t 

fic  r c i k 

J.Vjb  1 

3500' m90(*  A^' 

f'.-i'.  !•|••'•)l) 

I'ollnDiiib.i'c 

1943  1 

''  witFlM'dl  nn'i  I-.  rill  f,  / 

r'h',-  !.■  ■ f-:  '•  i t1  V’  11  i.)l  i 

John a on 

1950  3 

oxygon 
TFv.j  2('HI 

Fo( ..  ‘:o'3 

L-'ti-n-jc.  L 

i‘.’4.'s 

rnvH  of  ':3i7 

K i .1.  .1  ‘1 

Ln  11 

L94'j 

•1  '1  !|  M '1 

De 0 1 opOl  r 0 s 1 a 1 1 V 1 1 y 

1/1.11  kJ.0  'ih 

.1  9l.|  2 

" 

I-iui  -c 

1 'f  f 

! 

" dial,  of  1?  c.c, 

21/  rri.l  n , 

Nob(-  b) 

.i  'fF 

''  ifi  r n'<-  i-iiito  c- 

rtior,  . 1 fOu/.-.n  ; i(e:i"ov 

Sc  bt-o;  i •/, 

J')U 

" 245  a r/. A 1-0  i.o  AT7A^' 

' r ri'  b 1 (.  ‘ 1 1 y < ) ']  t,  .-kjc; 

dt 'b<<  90  V 

Sh-  1 p 

1930 

" 24000  firg/r.,;|.5 

Li<- 1 hill 

It 

1940 

M 

Oi iio  i ■)  ■ 1 • , 1 n .Lo  fi ;;  f cal 

r.  ft  .-1 ; 1-  • . • 'i  i c . 

30  I'l.i  • 1 

Stenatrom 

ff 

'Ibn.ns  t 

1930 

" in  broth  and  nlr 

On.  .;■/  1,  30  iniu 

‘ .11. 

1935 

" 0.1  vfntt/oq,  it 

Reriut.  ,•  99  99  '<',  10  t oc  . 

’1 

1940 

" on  H flowiiq;  cyliuncir 

'i 

i'?4.5 

of  air 

n„/(.  ^ dry  air- 

'fj'Hic,  ! 

' 'ill  jie  i' 

1940 

?r 

Re  L a 1 1 ■')£l  y r u ,s  j.  a t; 1 1 1 

iWitkin 

104? 

»r 

.I'OrL.,;!  tbu 

1932 

Difo;,,  water,  fui;!  rudo,  - 

lonn  th  M'o  ,u- t'i.nl 

min. 

i 

Far'’?,  on  1 

1914 

at,  mn  of  rn(;rcury  10  om. 
Salt  water  ■ full  ro‘ii- 

*f  n 

•t 

c 

atinn  of  I’lerouv'y  10  cm, 
8i!irn,  deep 

Water,  full  radlp.tion  of 

ri  ir 

n 

,4 

M 

j 

iron  ore „ fi  cm,?  2mm i 
deep 

, ..  // 

TABLE  ^ (CONT’D)  THE  EFFECT  OF  RAD7ATION  ON  ESCHERICHIA  COLI 

AND  AEROBACTER  AEROQENES 


Pactor(s ) 

Survival 

Reference 

ULTRAVIOLET 

A.  aeroi^enes 

U.v. 

Destroys  the  ability  to 

■m 

grow  on  ammonia 

Peace eke 

Light 

E.  coll 

\/atery  auap'n  of  fresh 

Inoc.  1 CO.,  Re  due.  96/^, 

cult,  placed  on  petrl 

10-15  min. 

Clark 

1903 

dishes  in  sunllp;ht 

1939 

Stored  water,  sunllprht 

I|-5  wk. 

Raghavachari 

Diffuse  light  on  polluted 

Inoc.  pure  cult.,  death 

water 

rate  was  higher  in 

polluted  water 

Smlt 

1931 

Sunlight  I4.9  C.,  in  urine 

Inoc.  pure  cult.,  1 loop 

2i|.  h.,  Recov.  0,  3 h. 

Ukil 

1927 

” l|-5  C.,  in  feces 

Inoc.  1 loop  2J<.  h.  cult. 

Recov.  0,  3 h. 

H 

Broth  and  air  in  dark 

Recov,  3/10  sq.  ft.,  120 

min. 

Wells 

1935 

” ” " lioht 

Reoov.  n,  120  min. 

n 

E.  coll 

“ITray 

Yojnger  die  quicker 

Cavalll 

1948 

survival 

Pram 

1950 

Susn'n  irradiated  with 

Only  1/3  sensitivity 

250  kv.  x-rays  at 

when  oxygon  was  re- 

fJuced  by  saturntion 

with  N2,  OOg,  etc. 

Hollaender  1951 

X-ray 

Relatively  resistant 

Vitkin 

1947 

A.  serof;enea 

X-ray  lit, <^00  Hoentrfena 

37^  siirvival 

1950 

litTRASOtllC 

E.  coll 

§TerT  buffer  soln,,  C, 

crystal  ultrasonorator 

used. 

99%,  40  min. 

Horwood 

1950 

Ultrasonic  or  standard 

Inoc.  Ixioo/cc.  Heduc. 

phosphate  bvffer 

99.9^.  15  min. 

wmsmm 

1951 

OTHER  R/VDIATION 

E.  coll 

23tt'(!)  V.  of  electrons 

Recov.  50/^ 

Dleckmann 

1950 

10,000  V.  in  evacuated 

tube 

1 h. 

Dognon 

1930 

Neon  light  sensitized 

with  methyl  violet 

No  results  in  2 hr. 

Philibert 

1926 

Cult,  of  bouillon  with 

radium 

0 multiplication,  48 

Bruynoghe 

1925 

TABLE 


THE  EFFECT  OP  RADIATION  ON  MICROCOCCTO  SPECIES 


Paotop(8) 


Survival 


Rdf e Pence 


ULTRAVIOLET 

M,  aureus 

Uv.-  at  3?00A® 
n 

Wave  leuKthB  of  SflOO, 
26^0,  2700  and  2$  ii.0  A« 
Uv,  rays  2000»29?0  A° 

2660  AO 


26n00  erg/'em? 


rt 


If 

n 

If 

" 260  erg/nun2  at  2537A® 

" 26000  org/ism^ 

n 


i—iiDsiis- 

T'lv,  f-;t  '■j*'.');)  A'"’ 

ngthe  ol’  2600,2650 


2700  & 2^U0  A“ 

Uv,  ' , 

Uv,  23000  org/om^ 

Uv,  26200  erg/s^.  cm, 

Uv,  23000  erg/otn^  , 

Uv,  164  4Vnm2  at  2537/t1 
Uv,  at  2xlw  ergs 
Uv,  at  5x10°  /hutt,  Hg 
Sri  vacuum 
Uv, 


M.  luteus 

~~w: — 

M,  cttreua 

W^Hve  long  the  of  28  00, 265 0^ 

2700  & 254 OAO 

Uv, 

M,  roaeufl 

M,  epldermla 


M,  BPP, 

Ov,  l5  units 
Uv, 

Uv.  2j80-29l;0  AO  u. 

Uv,  410  erg  at  2^37  A® 

Uv, 


1 hr. 

Shorter  time 
Kills 

Redue,  ct. 

Bactericidal  action 
n 

Killed 

n 

Survived 
Re  due,  90^ 

Lethal 

Mor<»  su3o*jptiblT)  ttaap 

Bacillus  veget.  and 

inflaetfte 

V* 

1 hr* 

Kills 

Inoe,  Innumerabl?^  Reeov 
2,  3 min. 

Killed 

1,06  aod, 

Lethsl  • 

Re  due,  90^ 

Killed 

a 

More  suscept|hle  then 
BacllluB  vmet.  and 
Influenza  tlrus,. 
Dlplococcue,  Sar*ri|Cla, 
S.  aureus 


Bayn6-*Jones  1923 
Brooks  1942 


Burger 
Gathoart 
Gflteis 
Hart-  ' 

H 

lAurens 

Phelps 

Sharp 

« 

WelXtf 


1928 
1942 

1929 
19374a 

1944 
1936 
1939 

1939 

1940 

1945 


Bayne-JTonss  1925 
Burger 


Bart- 

n 

Sharp 

It 

W ' 
Uejls 


1928 
193944.0 

1944 

1938 

1940 

1939 

1931 

n 

1945 


Not  giV| 
Kills 


f 


Inoo,  160,  Recov,  6, 

3 min, 

30  min. 

If  ■« 

40  sec* 

]R|duo.  narked,  5 min, 
W’  min. 

Kills 

Older  strains  less  re- 
si  stant 


Boston 

Burger 

Hart 

Tenner 


Raker 

B0i||ord 

Broking 

Rivers 

Stenstrom 


1950 

1928 

1939 

1930 


1926 

1927 

1917 

1926 

19,31 


TABLE  P^7  (OONT’P)  THE  EFFECT  OP  RADIATION  ON  MICROCOCCUS  SPECIES 


Factor ( s ) 

Survival 

Reference 

LIGHT 

M.  aureus 

Sealed  cult,  sunllglib 

607  d. 

Lai 

1923 

Direct  sun,  23P 

1 hB 

Header 

1926 

Thru  vTindow  g]Vess,  sun 

3 3A  hr. 

If 

ft 

Sun  thm  thlh  vindow 

3A  hr. 

ff 

ff 

Sunlight,  43C  ^ 

1 

InoR,  1 loop  74  hr,  cult, 
Renov,  0,  ?.  hr. 

TIkll 

1927 

M,  app,  1 

19i+l 

Dark,  55C 

Inoe,  IPlf,  Recov,  I4.I, 
I4.O  min. 

Buchblnder 

" 000 

Inoe,  62,  Recov,  60, 
30  min. 

n 

ft 

" 40G 

Inoe.  187,  " 71, 

flO  nin. 

n 

« 

'•  Uoc 

'! 

Inoe,  139,  " 100, 

60  min. 

rt 

ff 

Hydrogen  peroxide,  sur. 

No  grovth 

Burnet 

1920 

July  sun 

12  hr. 

Duclaux 

1887 

37'^  siirvl  vfil 

1900 

Prom 

ULTRASONIC 
M,  aureus 

! 

Inoe,  11-0,2x10^^,  Redue , 
90,U'S(,  Lb  min. 

Ringer  aoln,,  ultrasound 
froqiuency  3<?0  kilocycle 

Grabar 

1940 

«aT5iati  ON 
M,  albus 

Low.\^eloclty  electrons 
M.  spp,  . 

Killed 

/. 

Wells 

1931 

10,000  V,  in  ovacunti  d 

,1  hr. 

Dognon 

1930 

tuba 

i 

1926 

Neon  light  aensttir.od 

Recov,  0,  1 min. 

Philibert 

^■j.Vj.T^Jth'ino'thyl  violet 

\ 


i 


C 


TfiE  EFFECT  OP  RADIATION  ON  MICROORGANISMS 


Facto*  (s) 


ULTRAVIOLET 

Ale allgene a moll tensla 
ilvi'  l5  uni'ts 
Alealtgenea  ap  . 

^ tTv,  15  unite 
Corynebacterl'uin  diphtheria 
oiT  agar 

Uv,  337  org/irim^  at  25^37 
A*? 

Uv, 


Corynebaoterlum  pseudodip] 
tiv.  on  agar 
Hemophilus  Influenzae 

--uvrx: 

KlobslejLlo  pneumoniae 

’ut: 

Laetobafclllus  acl<iophllus 
— ^ 

ppoteus  vulgaris 

—w: — 


Serratla  marcescena 

Uv,  l5  units 

Uv,  presence  of  dyes 

Uv.  2810  A 

Uv.  20,000  erg/cm^ 

Uv.  2537  AO 

Uv,  distance  of  17  cm, 

Uv, , air 

Uv,,  air 

Uv,  in  raw  vroter 

Uv.  220  erg/mm2  at  2537 
A'^ 

Uv,  20,000  org/cm^ 

Uv,  135  cm,  avray 
Uv, 


Azotobactor  sp. 

Soil  in  sun 

Corynebacterium  diphtheria^ 
IJe'on  llglit  sensltizel^ 
with  methyl  violet 


Survival, 


40  sec, 

30  min, 

5 

"Re due,  marked,  5 min, 
Reduc,  90% 

More  susoepr.ihie  . than 
Rpcillus, 

Stpph’,  Diplococcua, 
irfluGP,:’r-  virus 
bheri  tic. ; p 

' Re(^  n c",  ;•  j.  1 tc ht , 5 min. 

Shorter  time 

Inoc.  innumerable,  Recov 
19,  3 min. 

Red;iced 

Inoc,  innumerable,  Recov 
2,  3 min. 

Older  strains  leas  re- 
al atant 

Germicidal  effect 
liO  sec. 

Not  given 
Kills 

tl 

5 inln , 

Kills  (more  effective 
when  air  is  moving) 

15  min, 

Inoc.  250,000/cc,  Recov. 

l5/cc,  l5  aec, 

Reduc,  90?? 

Lethal 

Recov,  0,  25  min. 

More  susceptible  than 
Bacillus,  Staph,,  Di- 
lococcus,  influenza 
vinis 


Destroys 

'Recov,  0,  5 min, 


Reference 


Baker 

19  ?6 

Tanner 

1930 

Bedford 

1927 

Sharp 

1939 

Wells 

19^,“.' 

Bedford 

1927 

Brooks 

19il-2 

Hart 

1939 

Du  Buy 

1948 

Hart 

1939 

Stenstrom 

1931 

Bachem 

1933 

Baker 

1926 

Boston 

1950 

Ehri smann 

1929 

Hart 

1944 

Lea 

1940 

Nobele 

1928 

Robertson 

1939 

Rosonstern  19ii2 

SclTwrrz 

1911 

Shrrp 

, ‘ ■ J 

tf 

1940 

St rebel 

1901 

Wells 

1945 

Dhar 


1939 


Philibert  1926 


TABLE  (OOKT'D)  THE  OTECT  OF  RADIATION  ON,  UOROO^aAllISMS 


TABLE 

v<iW^iyni  II 


TILD  KPFEGT  OP  RADIATION  ON 


COBACTEHIUM  TUBERCULOSIS 


s ) 1 

1 

Survival 

1 

j Fte  fere  nee 

ULTRAVIOLET  j 

Saline  j uv,  Yb^O-^'JOO  A'-^  ’ 

Saline,  iiv.  ‘i7>’0-;?8oo  .v''’ 

Uv. 

Guinea  pigs  in  I*--- rtf' A i.rlth 
5ce  urine,  t\'/  . 

JVe 

n 

Quartz -Hg  vapor  at  „ 

from  a 300  hr,  barTier 
Quartz -Hg  vapor  as  above 
plus  quinine 

In,  0 c 0 b'  A ' m 0 r ii  u a \>  * n , 
HocoVo  Of  10  min* 
i nnc , 1 b' A.  cm , of  suii  p ' n , 
Recov,  0,  30  min, 

U'inth  {ilowor  at  lovy  temp 
than  high,  pH  has  no 
effect 
2('i-40  ml  u 

More  ro Blatant 
Less  susceptible  tiian 
Bacillus  spore  a 
3 min, 

2b  tnin„ 

Eldon ow 
« 

Howze 

Naete 

s 

' "V, 1 V, 

^ Mayer 

! ft 

( 

3927 

tv 

1926 

1930 

iv4i 
i ‘■,  d.b 

1924 

11 

LIGHT 

Mixed  sputum  in  sunlight 

Inoc,  into  guinea  pigs.- 

Caldi-rell 

192b 

Sunlight  1 

2-7^  hr, 

Inhibit  development 

Do  Carvalho 

1933 

Dlffuae  daylight 

b.  ? , 

Koch 

Sunlight  1 

<2  fir. 

ft 

IR90 

tf 

'* 

Laurens 

1930 

Direct  sunlight 

Destroys 

Mayer 

1921 

Sputum  in  sunlight 

Pe'*?  mln,«4.P  hr. 

1 " 

1924 

'*  on  cover  slips  in 

Inoc.  io7?nno,  142  d. 

Sml  th 

1942 

dark,  70P,  R,TI, 

i 

Sputum  on  blank  taV'le  !'■ 

Ici'  ..  ('  itng/e Cj  lb  d. 

It 

if 

uator  suep’n  63P,  ReH,  i 

77'tf  dork 

! 

1 

Sputum,  73P,  R,H,  7^J%,  dark 

Inoc,  '■•■7SOO0,  iR  d. 

ft 

If 

Sputum  in  direct  ln<Ua  aun  ^ 

d „ 

Poperkar 

191  7 

Electrical  llgiit  | 

1 ( I’Jo V .1  n<i ) 74  '1 00  d , 

It 

It 

Sputum,  dprk 

|j09  d. 

ti 

It 

Di  ro  c i 8Unl  1 r ■ a r u ...  i ciin 

i hn.'i;’  hr,  (Bovine) 

tt 

tf 

lung  of  deoi  1 

1 

D1  rfuae  lliQit  , SpuLoin  I'rom  i 

1 (Bovine)  30  d. 

; 

ft 

Irmg  of  doA-r 

Diffuse  light,  •'  ” 

1* 

It 

lung 

InoCo  1 loop  24  hr,  cult, 

i 

Sunlight,  5v3C 

Ukll 

1927 

It 

1 rtocov,  0,  30  min, 
i(6cov„  0,  20  min. 

V7e  i nz  i rl 

1907 

X»R/vY 

X-ray  on  agar 

B4  hr. 

Min  ok 

1896 

ULTRASONIC 

Saline,  ultrasound  fraquencs 

InoCo  3,6x10*5,  Reduce 

Grabar 

194  b 

320  kilocycles 

79^,  7b  mino 

TABLE  yOo  THE  EI^'PECT  OP  RADIATION  ON  NEISSliiRIA  SPiiCIES 


Factor (a) 

Survival 

Reference 

ULTRAVIOLET 

N.  catarrhal is 

Wave  longths  of  2000 . 

5*700,  S SSiiP  a'! 

Kills 

Burger  1928 

N.  meningitidis 

! 

190]+ 

Beltencourt 

2I4!  h'.  cult.,  direct  sun- 
light, 10AM-6PM,  35-37  0. 

2 h. 

2k  h.  cult,  direct  sun 

It 

12  noon-ev.:nlng 

II 

2k  h.  cult.,  immersed  In 

water  bath|  ^0  C. 

3 nin. 

II 

55  c. 

1 min. 

II 

60,  70,  00  C. 

1 nin. 

II 

100  C. 

30  sec. 

II 

2k  h.  bouillon  oult.  0-7  0. 

>1  no. 

II 

Direct  sunlisht,  dried  in 
films  on  surface  of 

glass,  wood,  cotton 

Pew  hrs. 

Killer  19if4 

Diffuse  daylight,  passing 

2 layers  of  gnuze 

30  h. 

II 

Dii"fuse  daylight  thru 

6-7  d. 

II 

cotton  towelling  wood 

(rlnas  beads,  R.T.,  dark 

10  d. 

II 

Wood  ••  " " 

8 d. 

II 

Cotton  '*  ’*  •' 

7 d. 

II 

TABLE  ;^// 


THE  EFFECT  OP  RADIATION  0^''  T’ROTOJJ.OA,  AND'’Ni^,AZOA 


Factor ( a ) 


^TRAVIOLET 

Amoabae 

Short  exposure  to  uv, 

Paramecium 



Il&HT 


Survival 


6utldoor8  "^nBe^ahade , In 
oubated  6-7  d, 

Outdoora  moderate  ahade 
Direct  8un 
Water  covered  soil, 
dense  ahade 
Water  covered  soil, 

dense  shade  . 

Water  covered  soil,  llghi  Red,u,o.  995^,  l«'-d 
shade 

Water  covered  *•  " 

shade 

Water  covered  ” 

direct  sun 

Tap  water,  direct  sun 

" ” moderate  aha*| 

” " dense  ahade 

n n n » 

Alternating  moist  and 
drying  soil 

Drying  soil,  dense  ahade 


Klli  d 
Killed 


f7-9  wk. 

Sji  wk, 

1 wk. 

Reduc,  99^,  10  d. 
Re  GOV,  0,  wk. 


ffecov,  0,  <1|  vtk, 
” ” 1 wk. 


Reference 


Chamberlain 
Tang^  1937 


Augustine  1925 


n 

n 


II 

n 


moderate 
" direct  sun 
F4f3es,  strong  sun 


It  n 

d. 

Reduc.  9655,  20  d. 
Re  duo,  45^1  Ij^  mo, 
Haeov,  0,  ft  wk. 


II 

It 

n 


>2  hr 


" > 1 mo , 
" 10  d, 

" 5 d. 


n 

fi 

It 


It 

« 

If 


II 

n 

It 

n 

II 


It 


It 

Nlcoll 


II 

II 

11 

n 

n 

It 

ft 

n 

It 

•1 

1917 


-rm.;  )i;pK!^r?  0].^  RADT/'TTM'J  ON  F^/plTDOMnNAS  S-^t^ICIEF 


II  «Hiyii«  ■••■  ij  k.,1 


Fartor{ n ) 


?nrx'l  va1 


Hof ‘.^ronr;? 


ITT,TRftVjrif,FT 
H.  n<:*i'*ui:flnooA 


I'Sii'.l  rfl(Vl  n f- !.  071  c'^’  I V'  arr 

!1V’  7ni  ri,  1 

’7'  / :'. ' rvl 

lOlU 

at.  f'>CT'\e  <-n  Ai'nv-  nilt , 

1 

fn  watift)’’;,  fitlT 

Hodov,  Op  ■)  niTiTi, 

n 

IV 

f>r  Tf|?:  rrc„ 

In  Ttfitnn,  t'v»n.  I’r  ;H  n 1 1;  f,fi 

•V  \\  «v  tv 

If 

*v 

nf  iron  r.rCf  F ri'io  i 

1 

ir7r„ 

Tthio,  t nnur-'p  rablTi , Recov 

1 

p 

3f^.  ^ r7n. 

Rp  rt 

1937 

!V/,  1^000 

Kin  H 

t» 

19i|)4 

Uv. 

Purvl  vt^-l 

Hho  .1  f a 

19  39 

!)('55m>‘i«i  of  nv  o -'•rliit'.h  ore 

rb''r'p 

1940 

OT'ii.itinry  io  tVinl 

Hir,  1 AoOn  ■'•  70» r’l'^ 

Lwthftl 

IS 

T'»  f'lTicrr»i;''nn<i 

t k' . 

Not  p:lvon 

Poston 

1950 

l!v. 

More  rofilationt'.  thno  non~ 

Rnrpo 

1915 

f 1 uf-ro  aco-nf? , c orriro  rt 

short  ti'avo  janiJthp  In- 

I'.o  loo/,'’, 

T-.  np. 

IT'v, 

t^hortor  tl.M« 

’^rooka 

19ij? 

i’liom  

F,  o(ir'a;'ln''«n 

'^ropirkii  f'unlirhtp  l|!|n 

Tnoft,  1 loon  ?}[  hr,  onlt« 

TTkl] 

19. ?7 

hprrnr.  Op  l?f  h’'. 

No  0 71  ■Jk.r’ht 

Net  cl p fi t r o.7't? d "fton  30 

Philibert 

19)36 

min. 

X-RAY 

f'O  oni'lnop  0, 

X-r,T,7  iOOO-lRV'O  v’'",inlf.onri 

\ M ’o  ;>.\)  rv'LVfx'l 

Pram 

1950 

’»  f 1. noiM a oo'o 

j 

Y„y;ry‘'roTo.':'i.ioo  ^ 

tv  tv 

tf 

IV 

P,  ■■.••;  n’  ' < nil 

Ho). t,  ijT"  b ' 1 *■  *)  I ' ^ r ■ * 1 V ■'», 

i 

■;  < i ■ • i • r 7 ■ ,'  • p f.  V,-*, 

i 

j 

1 

P ray  n 01 ‘lie 

1905 

TABLE  ^/3 


THE  EFFECT  OP  RAJiATiOM  ON  SALI'ONELLA  SPECIES 


PaotorCs) 


ULTRAVIOLET 
ty  hosa 

Phya,  salt  aoln.,  Uv.  at 
distance  of  1^0  cm. 

(lainp  100  V,,  6-8  amps) 
Uv.  rays,  units 
A-^ar,  full  rcdiatlon  of 
Hg  arc,  10  cm. 
normal  salt,  full  radi- 
ation of  Hg  arc,  3*  cm. 

Uv.  on  agar 

Fluid,  pTI  2,  Uv. 

Wcvu  lengths  of  2^00,  2C3Q 
2700  2’jli.O  A® 

Uv. 

Uv.  2100-2800  A*  o 

Pe  sorks,  1^90-2005  A 

" *"  22:;o-22?0  '• 

” ” 248^-2310  » 

" " 2643-26 ?5  " 

” •*  28i|5-2l85  ” 

" " 204^;2985  ” , 

Uv.  21i|.  erg/nm^  at  2537  A 
Ou  apr. rks,  2130-2140  a 
” ” 2205-2225  ” 

” " 1990-2105  " 

S.  pi-^rat:/phl  A B 
Uv,  "ray,  I3  units 
S.  enteriti fiis 

Uv.  rays  2(5*0-2950  a“ 

S.  typhimnriun 
Uv. 


S.  ty  -hosa 

Thin  layer  of  wet  or,  sui- 
Water  in  bottlos 
V-Jotory  suap'n  of  fresh 
cult.  p'l.  ced  on  p/etri 
dishes,  si.inl.i.ght 
Sealed  cult,  n dark 

" ” in  direct  san 

S'jaled  cult,  in  sunlipht 
di  Ifuso  light 
Sealed  cult.,  diffuse 

’•  ” 37  0.,  d rk 

1,  ..  ,, 

n ef  peptone  e;;ar  in  di- 
rect SUJ' 

0oef  peptone  ag»ir  in  dif- 
fuse light 


Survival 

Reforenoe 

here  rosisbimt  ulion  sen- 
aitlzou  with  o',;ri  im- 

mune  serums 

AUlynma 

1935 

1|0  soc. 

Baker 

192  c 

Rucov.  plus,  10  min. 

Bazaoni 

1914 

Rocov.  0,  30 
Roduc.  v ry  slightly. 

ft 

5 min. 

Bcuford 

192-- 

2 sec. 

Drowning 

1917 

Klllu 

Inoc.  200  cc,  eri'ulsion, 

Burger 

1928 

Rocov,  0,  5 

Gllles 

1935 

Very  sensitive 

l.hiWcoMor 

1917 

Reoov.  4-100,  10  min. 

II 

’•  6500 , ” 

II 

ti  II 

II 

’•  100  ” 

11 

II  vno  " 

II 

" )^5::0  « 

II 

Re  due.  90/^ 

Shurp 

1939 

Rocov.  5722,  10  min. 

Wowcomwr 

1917 

It  .Q  II 

II 

II  1 " 

It 

/'[.O  uoc. 

Baker 

1926 

Reduood  count. 

Cathcart 

1942 

I'h  shorter  the  \/.-.;vc  the 

’■orw  lethal 

hh'ckof  f 

1932 

X 1 i • 

Clark 

1902 

5 vi. 

II 

Inoc.  1 cc.,  Roduc.  95/^ 

10 -15  min. 

11 

2906  d. 

Lai 

1923 

60  d. 

It 

36.5  d. 

H 

II 

II 

11 

11 

II 

II 

Rc.iCOV»  0^ 

c c 

IJVo 

*•  ' M 

t?  , n • 

It 

TABLE  (COUT’D.)  THE  EFFECT  OP  RADIATION  ON  SALMONELLA  SPECIES 


Paotor(8) 


LIGHT  (Cont'd). 

S.  typhoaa 

Direct  rays  of  sun 
Sunlight,  li-O  C. 


Neon  light 

. p^rat^ 


3.  p^ratyi’hi  A 

■ ' ;^it,  k?.  C. 


typhi  ? 
['ht , . 


o.  pe^at 
Sunl 


Neon  lif’:ht 

S«  lintep.  tldls 

Tropical  sunlight,  49  C. 


X-RAY 


Survival 


4-10  h. 

Inoc.  1 loop  /?4  cult] 
Rooov.  0,  20  rnin. 

Not  destroyed  after  30 
nln. 

Inoc.  1 loop  of  24  hr. 
cult.,  Rooov.  0,  30 
1 ;ln. 

Iiioc.  1 loop  2li  hr.  cult| 
Rocov.  0,  1 h. 

Not  destroyed  after  30  ' 
min. 

Inoc.  1 loop  24  hr.  cult 
Recov.  0.  3 '1. 


Reference 


Osier 

Ukll 


1901 

192? 


Philibert  1926 


Ukil 


192' 


Philibert  192° 


Ultll 


S.  tii.-hoaa 

Bouillon  cult.,  I'lO  0. 


otHER  RADIATION 
S.  typlioaa 
' 'irradiation 
10,000  V.  In  evacuated 
tube 

3*  n,araty:‘h:i.  A ''f  B 

l?),on'^  V.  in  evccufitad 
tube 

S.  typhosa 

Cult.'  of  bouillo;;,  radiiun 


Inoc.  1 loop,  Recov,  no 
(blffocenco  in  ifi  ^ 


Minck 


1696 


0 nultlplication 

1 h. 

1 h. 

0 multiplication,  4”  h. 


Bruynoghe  1925 
Dognon  1930 

II 

Bruynogho  1925 


TABLE  Sd.  THE  EFFECT  OF  RADIATION  01:'  SHIGELLA  SPECIES 


Factor (s) 


Hof orence 


ULTRAVIOLET 
S»  Jyaenterlaa 

Wave  lengths  ;?fi00,  26i;0, 

2700  2^40  A* 

S.  para dys ante r‘i&Q 


hills 


orryiiiw^^at  2f;37  A Rw(Juo.  90$ 


Burger 

Sharp 


I92B 


S»  dysentsrlae 

strong  sunlight,  culburud 
in  bouillo); 

Sealed  cult,  sunlight 
" '•  direct  sun- 

light h diffuse  light 
Scaled  c\ilt.,  diffuse  ligb1 
” ” 37  0.,  <lark 

ti  II  ip  » 

Sunlight,  l|]j  0, 

S.  lysenter.um  {Fit  Tn’^r) 

Strong  sunlight,  cn.lf,:r-;J 
in  hoi.iillon 

Sealed  cult.,  svmli;;ht 
" " ciroct  nu  , 

aiid  (3  iff  USD  l.Lglit 
Suelati  cult,  ci  iff  use  light. 
'•  '•  37  O.,  (;.9rlC 

*f  II  J ni  If 

« 1 • 1 • 

Sunlight  on  fuces 
S.  parP(3y.senteriflH  (Sonne ) 
Strong  sunlight,  nnitur  d 
in  bouillon 
S.  ap'bii’iua 

Strong  s 'uil .i.ghb,  cultured 
in  bouillon 
ULTRASONIC 

S.  tlysenterlac 

Isottjiilc  P0|  , nil  ;’.3, 
ultrasound  Troqaojjcy 
6B0  k i.locyole.s 
S.  pared jsontur.i.ao 

Ringer  liquid,  uT tras onnd 
320  kilocycles 
OTHER  RADIATION 
S.  'dyaentcf^lfle 
Neon  light 


K jO  111  in. 
;20  d. 

75  d. 

d. 

fl 


I 

Inoc.  1 loop  2l;  )ir.  cultl. 
Reoov.  0,  2 Tiiiu.  j Ukj.l 


Bajiiberger 


< 60  r in. 

10/ li.  d. 

100  d. 

a. 

II 


I h. 


< 30  w in. 


< 40  >''in. 


j Uiutbc  rgup 


li27 


IS  23 


Stewart 


im 


Bamborger  lVi>6 


Grsbar 


Inc'O.  120.0x10'^,  Rouiic. 
30  min. 


inoc.  3.2x10",  Heduc. 
^ ' ii-  u > 


■ ot  desti’o/ed  after  30 

i"in.  llui.libert 


iVd5 
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r 


Pactor(« ) 


ULTRAVlOti'.T 

3^)yoj;;,encg 

II 


Uv.  ()vp;/rm^  at  ?!;07  A. 
S.  vlrldpina 
Uv, 


S.  h.^niolytif5us 

‘■■'Uv.  


b,  tjiillvi.'ivl.ua 
Uv.  ?.OQ 

Pbya , salt  ao'n.,  Uv. 

1 (100  V., 

at  ti'i'if.M  Oi'  J\!  C,"  . 

Uv. 

Uv.,  1 CV.  it.  Oi  <;.U‘ 

Uv,  Irreril-tlon  of  u]Jijer 
nlr 

LlCrll^ 

S.  .Qt'ca 
Sunl.ifiht 
Dayl  if.'ht 

II  i 1 

^ i\  • U • 

DiU’^,  nnd  R.T, 

03’  i*loor  i.ii  tT*i  <ii..hew 
in  dark 

0i3  floc-T’  In  pi^tT^i  fiifih'is 
ir.  cliCrn;  i-t  li/’ht 

5 . a . 

^^Islble  lij-iht 
3nnl  i/fVit 

II 


I’roi'.i.C;-.!  li '.'■■il  , > ' ; t n'l;  k£> 

ilV  - 

' 1. 1 )•!  ;'iM  1 1 ir ’’it 


-•f 


Siirvival 

— . ■■■  ^ 
Rtiroi'uhCo 

ahortened  time 

Rr'.'Oks 

1 

1U|2 

Inoc . 1 nnm.  arable , Rt-^co\ 

• 

s 

12,  3 min. 

Hart 

1939 

Rouuc,  90^ 

SbiTp 

1939  ■ 

Loss  iniijcei't  Lbla  t'  en 

1 

Bacillna  .;THii.’oci  und 

i 

i"Ji5  1 

1 

t.b. 

U-.lli.i 

Less  snscoptiblo  tban 

Bacilluiv  •■.'por'.'B,  l.i)., 

9 3.  virl<..anii 

II 

Rtniuc,  \0‘,j 

Sn-.Tp 

i>o9  i 

I'loro  roaiatant  wnun  ne;.- 

j 

axtjuSui;  v.'i.tl 

1 

amv.i 

l‘,/;6-ii||  ,lj,9  pri-iHMul.,  I9M 

Akiypme 

1931;;  : 

1 

- T r/ 

i Ici’oua 

livO 

Ruoov,  0 

Henl.-i 

1<;):2 

K;1  a a ! 

dbr.?'.'.  tt 

19II.P 

.^licov.  1\0  ■ xn. 

3n0i:n.,.;  uor 

1941 

• , lir.  1 

II 

-I'i 

Hcon  lA::hl  .nc  ' 
3‘etliyl  t 

GTr^Jvf  :?AOlAri0l! 


S.  .('ni-Cn'  J.S 

OOC;  .i.ri  nvi,i‘.iua.tod 


I .uM, 

i h. 

Reouv,  10, i,  ll*.  u. 

" <1..:,  <7  d. 

I'Ll  11b 

Rticov,  >0,j,  i> 

Lar^ui’  j. tail' ns  More  ao- 
ux.  taut  to  as^ll"bt 
Inoc.  1 Ic  ■ * ' 

A '-uv.  '• 

jliUC  . 1 l.l' 

.i'-'  uv.  0 


R'  CU  . . Oj  1 : I.l;  , 


1 2]j 

a,  (’, 

nit 

> 

in . 

b.  1 

i.li. 

3' 

■ i.n. 

M 

II 

Phfclpa 

II 


1939 


1 Si|  1 

II 


3olc;..c; 
Util 

II 

i'i,  i..i.Uiii’L 


I'M 

ivd: 

1926 


II , 


, JOijnuh 


TABLE 


TliE  EPPSCT  OP  RADIATION  ON  VIBRIO  CHOLBRAE 


Pnctor(a ) 

Survival 

Reference 

Bedford  1927 

Schwarz  1911 

1 

ULTRAVIOLET 

tlv.  In  rav;  water 

Reduc.  complete,  5 min, 
Inoc.  1^00/cc,  Recov, 
prjLCtlcnlly  0,  lf>-  sec. 

LTCtHT  I 

Sealed  cult, 

" " direct  sunlight 

k diffuse  light 
Sealed  cult,  diffuse  light  i 

" " 370,  dnrk 

‘ II  pip  II 

Sea  water  direct  siinlight 
Tropical  sunlight,  I|.9C 

Sunlight  30-180 

Exposed  polarized  light,  ?i|.0 

i.ijpi 

104ij.  d. 

3 d. 

279  d. 

71  d, 

365  d. 

8 hr. 

Inoc.  1 loop  2I4.  hr.  oult 
Recov.  0,  l5  min. 

Inoc.  300,000  in  Icc 
water,  Reduc.  99.9'^, 

5 hr. 

Inoc  1 in  100,000  dll’n, 
’^ocov.  121  colonies, 
13-30  hr. 

Lai  1923 

II  '1 

•1  II 

'I  II 

i|  •! 

Mctsuda  1910 

tikil  1927 

Yasuks’-’a  1933 

Lcl  1926 

OTHER  RADIATKif 

Oult , of  houillon,  rnfUutii 

i 

!0  rnu]  tiplicntion , I48  hr. 
i 'ii?  j 

^ BcuynorV-e 

1 

TABLE  Ay  7 THE  RPPiiCT  OP  RADIATION  ON  VimiRKR 


P«ctor(r< ) 

Survival 

Reference 

ULTRAVjOLi!,! 

Polio  virus 

> (leatructlon  tlian  sun 

Carlson 

191^2 

1951 

Uv. 

Irmctlvotod 

Dick 

uv.,  on. 5 0.,  ,?nno-3ino  A 

3*1  i'  l.u.-l  min. 

Jun(5l©blut 

193;' 

ITV. 

Rncov.  plus  up  to  P.  ll. 

LuvaOitl 

19iP'' 

Uv.  at  8 in. 

Inoc.  6cr  of  1^  susp'n,, 
75  min.  (did  not  In '''act 
animals ) 

Tooriey 

193?' 

Influenza  virus 

Uv. 

Mot  riven 

Hollacndar 

11 

It 

koro  ruaistpjit  tlian  E. 

C ol  i 
KiUod 

It 

V^clls 

1 933 

It 

Sensitive 

It 

19lil 

It 

1‘ore  susceptible  than 
Bacillus  virot. 

It 

Ivij-::;’ 

Vaccine  virus 

SHort  wave  Uv.  ^ 

J(.0  1 in. 

1 

) iiarkari 

lVj2 

Uv.  ni>ffa  at  ^537  A 

Kills 

! Rivers 

1928 

Ho.:ri'OS  virus  j 

1 

1 

1 

Corner.  tW. 

< 15  . in. 

j Gundorsen 

'•''reiiih  oornml  rai  bit  s.  run 
and  Uv, 

1 

10  i)ii.n,  ' 

1 ' It 

Uv. 

Rooov.  0,  3'"^  ’'in. 

L(;vaditi 

191,2 

Uv.  ,'il:ixne  sun  lamp 

iieoov.  0,  1)0  vilu. 

1 ft.  away  of  .'j.5  arp.'.' , 

^'cKinley 

1913 

Encepbalr/’iijcT  ii-is  virus 
Uv.  i’p'jrr  elplue  iiUr  fari' 

1 rt.  ."wsy  of  J|,5 

It  ti 

ti 

TJv. 

Not  I'i'en 

Tstylor 

19i<.l 

Tobfl'^r.o  Ties  air  >/iT>n?i 

Uv.  a" 

Inactivation 

Dugpiar 

193ii 

y^frionr  borse-sl  rknoas  virus 
TJv. 

It 

It 

Folson 

1950 

FftHslfis,  ebioken-pox , rumps 

Wells 

19l|.l 

Uv 

Sonslti'-n 

Virus  ‘'OTiursl 

Uv.  ^.'^31  i. 

Sonsltlvlty  sItiII  r to 
bacteria 

TIollaencier 

1943 

Uv, 

Correlation  between  in- 
activation doMO  *.*  size 

Lea 

19i;7 

LICrHT 

Folio  Virus 

Direct  3uull';ht 

30  r.in. 

Car  is  or: 

Sunl  ii  b.t 

Rapi(J.j  Killed 

A’  lexner 

1916 

\/aon:inia  virus 

‘i'hlezine,  scricUrio  I'nio-' 

xanthine  dyes  *c  li;dii 

'.ru;rpy 

< 3 '"XU. 

HorzV'Gi'p 

7933 

Poot  **'  -i  OUtb  vj.  rU,S 

DritaJ.  ex.posecT  to  noon 

Ai'/i'Ufit  sun. 

1 h. 

'!  27 

TAWI.E  (noi''T‘D) 


THE  EFFECT  OP  RADIATIOI^  ON  VIRUSES 


Factor(s ) 

Survival 

Reference 

LICHT  (cont'd) 

Foot  ?c  mouth  virus 
Drlod  ^ ©xi)03ed  to 
Mint or  liKht 

>1  h. 

Bedson 

1927 

Not  affected 

Scherp 

193.6 

OTHER  RADIATION 
Polio  virus 

fTigh  spood  eloctrons 

Inacti  ated 

Di  Ck 

1931 

1 


( 


TABLE  THE  EFFECT  OP  RADIATION  ON  YEASTS,  MOLDS,  k FUNDI 


Paotor(B) 

Survival 

Reference 

ULTRAVIOLET 

Yeasts 

Uv.,  24  C»»  hlp.h  humidity 

Reoov.  0,  $ min. 

Beauverle 

1934 

’•  light,  1200  csndle 

7 min. 

De  Pazl 

1921 

power  lamp  at  20  cm. 

Uv. 

Recov.  0,  5 min.  expos. 

Oilier 

1935 

II 

Inoc.  32,000;  Re due.  99/ 

! Schnegg 

1936 

II 

Not  given 

Sterckx 

1935 

II 

Effect  may  result  from 

. 

absorption  of  energy 

Oster 

1935 

Molds 

“Uv.  in  air 

hills 

Luchiesh 

1949 

II 

Older  org.  less  resist. 

Stenstrem 

1931 

II 

Dark  colored  molds  more 

resistant 

Sutton 

19iil 

Uv.  on  cardboard  strips 

Not  entirely  killed 

Teuner 

1941 

Fungi 

Uv. 

Lethal  action,  pigment- 

stlon  is  a defense 

Chavarria 

1924 

" 2650  A* 

Inrreastjd  reaiiitnnce 

uj.th  age 

Dlmond 

■>.941 

Uv.  in  petri  dishes 

2^  cm. 

1-10  min. 

Paver 

1920 

Uv. 

Inoc.  i'lnumera  le,  Roco^ 

a 

0,  20  min. 

Hart 

1^.39 

Uv.  3.  '00  A 

Hollaender 

Fungi 

Sunlight 

Not  f^ivan 

Ward 

1894 

n 

R h. 

Weinzlrl 

Ksm 

lllljlf  h\  [■l  lll  ■■■■■■■— 

Yeasts 

Ringer  soln.,  ultrasound 

fronuency  6nO  h.'i l.ncvclo 

Grabar 

194? 

Molds 

Electron  bombardment  in 

iiigh  vacuum 

Survive 

Cooper 

1930 

10,000  V.  in  evacuntod 

tube 

1 h. 

Dognon 

1930 

I 
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znaxlmim 

medium 

methyl 

minute  or  minutes 

months 

multiplied 

organism 

pathogenic 

physiological 

parts  per  million 

precipitate 

Relative  humidity 

Room  tenqperature 

Recovered 

refrigeration 

second 

sonsltlaatlon 

solution 

spaolea 

strain 

suspension 

tuberouloala 

temperature 

Ultra  violet 

weeks 

times 

year  or  years 
greater  than 
leas  then 
present;  plus 
none 
minus 
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TABLE  J 


THE  SURVIVAL  OF  BACILLUS  SPECIES  IN  SOIL 


Factor  (s) 

Survival 

... 

Reference 

1 

iRecov,  0,  >80  d. 

JRubentschik 

1936 

IRenov,  Ov  *•  " 

N 

M 

GENERAL  ! 

B,  anthraoio 

Soil  and  manure  3 cm, deep 

1"^  - 
!sporea-10  wk. 

Beranek 

1948 

Surface  soil 

12  yr. 

Pasteur 

1881 

Dry  ster,  soil,  3^  moist. 

Sporulation  of  possible 

Minett 

1950 

Ster,  muddy  water  stored 

Survived  over  2 yr. 

N 

If 

in  a pond  on  the  plains 
of  India 
Soil 

Mora  or  less  permanent  j 

1 Sanya 1 

1941 

Moist  or  dry  earth  1 

habitat 
33  mo. 

Sirena 

1894 

Soil  over  burial  place  of 

15  yr. 

Wencke 

1900 

dead  anthrax  animals 
Gravel,  carcacsea  buried 

20  yr. 

If 

II 

20  yr. 

JB,  subtilis 

Soil  400  meters  deep,  30C 

Inoc,  Bouillon  & Zl-fo 

1 

jLieske 

1929 

B.  spp, 

B.  cereus,  megatherium, 

watt  extract  with  Z% 
agar,  recov.  growth, 
1-8  d. 

Multiply  lot.  40  d,,  dec, 

1 

Katznelson 

1940 

and  mycoideo  in  ster, 
soil 

Soil  500-600  meter  deep, 

and  at  end  of  85  still 
dec, 

Inoc.  into  beef  extract 

Lieske 

1929 

30C 

1 

pepton-bouil Ion  & Z% 
malt  extract  with  Z'^o 
agar,  growth  1-8  a.  | 

TABLE 


THE  SURVIVAL  OF  BRUCELLA  SPECIES  IN  SOIL 


Reference 


Unheated  cellar  Oct,, 
dried  quickly 
Unheated  cellar  Feb., 
dried  quickly 
Teat  tubes,  lab  temp,, 
dried  slowly 

Wet  soil,  unheated  cellar 


B,  melitensls 
Soil,  favorable 
Damp  ster.  soil 
Dry  ster.  manure 
Moiat  ster,  *• 

*•  unater.  manure 
B,  auis 
Soil  ' 


soil 

N 


conditionq  10  wk. 

72  d, 
69  d. 

7 d. 

soil  120  d. 
46  d. 


<4  d. 

27  d. 
37  d. 
66  d. 


1 Cameron 


1932 


Bong 
Ho r rock a 

II 


Bryan 


1897 

1906 


1934 


B,  op. 

Soil  in  pastures  whore 
animals  excrete  large 
a mount a of  org. 


Poor  survival 


Chriatianaen 

1950 


TABLE  53 


THE  SURVIVAL  OF  CLOSTRIDIUM  SPECIES  IN  SOIL 


Fa  c to  r ( s ) 


■CDJTM 

C,.  botullnum 
. Soil  from  counties 
where  veg,  grow 
C.  tetani 

Sandy  loam  - corn 

SAND 


Survival 


in  Md. 


& C strains 


Isolated 


Reference 


isolatf 


Damon 


1926 


n 


ff 


C,  botullnum 

Veg.  grown  in  sandy  soil 
in  counties  of  Md, 


Isolated 


Damon 


1926 


GENERAL 

C,  botullnum 

Soil  in  central  N.Y. 
4,25-8.5 


Soil 


pH 


lype  A more  predominant 
than  type  B,  toxic 
cult,  type  A,  greater 
of  toxic 
cultivated 
More  or  less 
habitat 


cult,  from 
soil 

permanent 


Parry 


Sanyal 


1946 


1941 


C.  tetani 
Soil 

n 

Soil  of  school  ground 
C.  perfringens  (welchii) 

. Soil 

C,  tetani  (cont*d) 

Soil 

English  soil  plus  botu- 
linum 

SoiV  from  alley  near 
s ta  bl  e 


More  or  less  permanent 
habitat 
Found 
»•  . 

More  or  less  permanent 
habitat 

Years 

Found 

ff 


H 

M 

Dubov sky 

1922 

Ishihara 

1933 

Sanyal 

1941 

T.  & W. 

1946 

Ha  ines 

1942 

Fo  raker 

1941 

I 

i 


TABLE  3 U 


THE  SURVIVAL  OF  COL  I FORI,;  IH  SOIL 


Fa  c to  r ( 8 ) 

Survival 

Reference 

LOAM 

Escherichia  coll 

Rich  loam,  R.T, 

flecov,  unchanged  1 mo. 

Horrocks 

1903 

Virgin  loam 

« "6  wlc. 

It 

•1 

Sandy  and  clay  loam 

" 5.41ogo/100gm, 

0 wk. 

Mallmann 

1951 

II  H « M 

Recov,  3,8  logs/lOOgm, 

N 

n 

11  wk. 

MUD 

E,  coll 

Mud  with  infected  water  i 

Demonstrable  45  d. 

Bar to 8 

1947 

outside  temp. 
Tidal  mud 

3 mo . 

Savage 

1905 

SAND 

E.  coli 

Virgin  sand 

Recov.  unchanged  60  d. 

Horrocks 

1903 

Sand 

Recov.  4,9  logs/lOOgm, 

Mallmann 

1951 

0 wk. 

Recov.  0.8  " " " , 

H 

11  wk. 

1 cc.  sea  sand 

Inoc.  48  hr,  broth  cult. 

Winslow 

1.912 

Recov.  0.08/gm,  240hr, 

Sandr  69C,  R.H.  ^Qff„ 

Recov,  67.23/gm,  8 hr. 

tf 

M 

* " ■ 73;1 

” 44,48/gm,  10  hr. 

n 

II 

« 70C M 

It 

M 

GENERAL 

E.  coli 

Ordinary  soil  and  sewage 

53-65  d. 

Firth 

1902 

Tomatoes  grown  on  soil 

1 mo . 

Falk 

1949 

with  sewage 
Soil  ferti].  ized  with 

Inoc,  10*^5  Recov,  10’^, 

Octroi,  enk 

1947 

chicken  manure,  72C 

7 d.  ^ 

Soil  fertilized  v./i  th 

Inoc,  10*"’^.  Recov.  10’*" 

If 

i^Iiickcij  manur-.  R.T. 

ISO  d. 

Normal,  f ff c e n s to r ■ e d w i t h 

1.2  wk. 

Jo.rdan 

1926 

garden  oo.Uj  R.T, 
Normal  fflceo  stored  with 

6 -8  wk. 

Chick 

1900 

beach  sand,  R.T, 
Roads,  di'y 

Short,  time 

tl 

It 

" we  t 

Much  longer 

ft 

II 

Garden  soil,  stci'.  with 

Inoc,  i soil  strain  & -g 

Ft  1 low 

1923 

dry  heat 

feral  strain,  2 mo,, 
found  in  2 gm. 

So  il 

Inoc,  1 bouillo.o/1  iter 

Klein 

1935 

water,  persistant  410d,| 

Ster.  soil,  18-30C,  dark, 

> 4 mo  . 

Koser 

1924 

moistened  with  ster, 
water 

1 

Ster,  garden  soil 

Living  after  3 yr,  7 mo. 

Kulp 

1932 

Soil,  60%  moisture,  steri- 

Isolated  17  mo.  later 

Fellow 

1 923 

lized  with  dry  heat 

TASLE  i 0 (CONT'D)  THE  SURVIVAL  OF  COLIFORl’  IN  SOIL 


Factor(o) 

Survival 

Reference 

GENERAL  (confd) 

E.  eoli 

Soli,  40 "20-10^  raoicture^ 

Isolated  17  mo.  later 

Fellow 

1923 

ster.  with  dry  heat 

Soil,  10Q;iJ  moioturo,  air 

None  at  end  1 mo. 

It 

tt 

dried 

Soil,  60X  inoiature,  air 

" in  10  gm.  in  2 mo. 

n 

ft 

dried 

Soil,  40-'20-  l0^  raoioture, 
air  dried 

Fecal  & soil  strain  pre- 
sent at  end  of  34  mo. 

n 

n 

Dry  coil 

25  d. 

Firth 

1902 

Soil 

|G  -3  wk. 

Horrocks 

1903 

ff 

lu  -8  vvk. 

Houston 

1397 

Vir^jn  30  il 

|E.  coli  generally  absent 

It 

«l 

Unfertilized  soil,  R.T. 

llnoc,  10  gm, , Recov.  10 
gm. , 66  d. 

Ostrolenk 

1947 

Soil  with  pecans,  R.T. , 
artifical  infection 

Inoc,  10"‘ Rccov,  10"'°^ 
106  d. 

fl 

n 

Soil 

8 mo. 

Prevlte.ro 

1945 

N 

Low  temp,,  moisture, 
organic  matter,  and 
absence  of  other  org. 
inc,  the  viability 

Rudol f s 

1950 

Tomatoes  grown  on  polluted 
soils 

Death  rate  slow  in  stor--, 
age, soaking  in  water 
at  600  for  5 min,  most 
effective 

It 

1951 

Street  scrapings 

4 yr. 

Savage 

1904 

Soil 

Inoc,  600,000,  Recov,  5, 
122  d. 

Skinner 

1926 

« 

Inoc.  9„000,000;  Recov, 
5,  176  d. 

H 

M 

" „ with  E,  roll  and 
A,  aerogenes' 

Inoc.  l.oOO.OOOr  Recov. 
5,  176  d. 

M 

*• 

Dry  soil 

|a  d. 

Tanner 

1944 

Moist  soil 

! >60  d. 

tt 

ft 

Ster.  garden  soil.,  100^ 

Recov.  0,  1 yr. 

Young 

1923 

moisture 

1 

Ster,  garden  soil,  60-  40- 
SO-IO^  moisture 

" “ >1?  mo. 

fl 

M 

Unster,  garden  aoil,l  cc. 

1 mo  0 

n 

M 

ousp'n  100^  saturation 

Unster.  garden  soil,  60^ 

2 rao. 

II 

ft 

saturation  of  1 cc, 
susp'n 

Unster.  garden  soil,  1 cc. 

>17  rao. 

ti 

tl 

susp'n  40-30' 10^  sat. 

Soils 

4 yr. 

tt 

It 

Aerobacter  aerogenes 

Ster.  garden 

Living  after  3 yr,  7 rao. 

Kulp. 

1932 

Soil 

Inoc.  13,000,000;  Recov, 
50,  218  d. 

Skinner 

1926 

Soil,  plus  Eo  coli 

Inoc,  800000,.  Recov, 80, 
218  d. 

It 

II 

TABLE  Jy  (CONT'D)  THE  SURVIVAL  OF  COLIFORM  IN  SOIL  ' 


Fnctor  (s) 

Survival 

Reference 

GENERAL 

Enteric  bacteria 

Ster.  originally  contain- 

U, 

Martin 

1896 

inated  soil,  3-19  C 
Above  dried  to  powder,  j 

i 

' >4  d. 

tl 

II 

3-19C  1 

Ster,  virgin  peaty  soil, 

1 

1 d. 

If 

n 

3-19C 

Uneter,  soil,  3-19C 

>50  d. 

H 

If 

Ster.  dry  soil,  2”13C 

57  d. 

ft 

1898 

Unster,  dry  soil.  2-'12C 

12  d. 

1 

j 

It 

If 

t 


TABLE  Si 


THE  SURVIVAL  OF  CORYNEBACTERIUM  DIPHTHERIAE  IN  SOIL 


Factor(a) 


SAND 

Fine  sand,  370  with  cult, 
dried  in  air 

Fins  sand,  37C»  with  cult. 

dried  over  H38O4 
Sand 


GENERAL 

Soil  at  370,  dried  in  air 
M « w « over 

H2SO4 

Soil 

Soil 


Soil  drained 


— r 


Survivol 


Reference 


Recov,  0,  30  d. 

« 50  d. 

175  d. 

>98  d.,  Recov.  mostly 
with  unimpaired  toxic- 
itV- 

Recov*  0,  25  d. 

« " 35  d. 

208  d, 

>98  d.,  recov.  mostly 
with  unimpaired  toxic- 
ity 

May  be  killed 


Germane 

H 


1897 


Laurell  1949 
Ouchterlony  1949 


Germano 


1897 

•t 


Laurell  1949 
Ouchterlony  1949 


Sharp 


1896 


TABLE  6 


TI-IE  SURVIVAL  0F‘  FUNGI, YEASTS  AND  MOLDS  IN  SOIL 


j 

Factor  (3)  i 

Survival 

1 ^ _ 

j Reference 

PEAT  1 

Aotinotavcea 

'Stro'nfilv  acid  peat  aoil 

Fewest  occured 

Jensen 

1930 

GENERAL 

Malleomycea  mallei 

1 

Pasture 

Unsafe  for  at  least  1 yr. 

Lovell 

1944 

Actinomyces 

Soil,  April -May 

150- -160  million/g.  dry 
aoil  * 

Eggleton 

1934 

Dry  soil,  hot  summer  mo. 

no- 120  •'  “ 

« 

Any  " Sept.  inc.  in 

130  140  " " 

tf 

M 

moisture 

Soil,  winter 

110-120  " " i 

II 

1 

H 

Strongly  acid  pH <5 

! Few 

Jensen 

1930 

Soil,  pH  S.S'S 

Highest  no. 

M 

ff 

Field  frozen  over  2 mo.. 
200 

Actinomy cetes  made  up  3Q 
of  total  no. 

t Lochhead 

1925 

Field,  30 

No  Actinomycetes  found 

1 n 

II 

1 gm.  of  field  aoil 

Contains  10T-20M 

Waksman 

1927 

Actinomyces  bovia 

Sanyal 

1941 

Soil 

Fungi  general 

More  or  less  permanent 
habitat 

Soil  in  autumn 

Higher  than  spring 

Eggleton 

X VO*i 

1 gm,  field  soil 

Contains  10T’>20M  fungi 

i Waksman 

1927 

Yeasts  general 

So  il 

<1  mo. 

Owen 

1948 

Spores  in  soil 

Lasted  thru  winter 

Tanner 

1944 

Yeast  in  soil  under  naturl 
al  conditions 

■ Live  for  long  periods 
of  time 

tt 

II 

Mold  general 

Soil,  -2  to  ‘-140 

Activity  was  unaffected 

Demoussy 

1929 

Fungi  general  (cont'd) 

1 

Seed-bed  soil 

Disinfected  by  solar 

! Gruohevoi 

1940 

enei'ey 


TABLE 


THE  SURVIVAL  OF  MICROORGANISMS  IN  SOIL 


Factor  (a ) 


Survival 


Reference 


■ 


|2  d. 


669  d. 
14  d. 


CLAY 

Agro  bo  c tfc  r ium  tvime  f a c i on  a 

539  d. 


LOAM 

Agro  ba  c t e ri  urn  tuine  f a c i en  a 


Loam 


MUD 

Pasteurella  tularenalo 

Mud  naturally  contamlnntec  12  wk, 
and  Gtored  in  cold 

Uncontaminated  mud  " " 


PEAT 

Vibrio  comma 

Independent  of  amount  of  24‘-26  hr, 
raoioture 


SAND 

Dlplococcua  pneumoniae 


Dried  cult,  mixed  with 
sand  and  veg.  oil 
Agro bacterium  tumefacieno 


Sand 

Vibrio  comma 


White  crystal  sand 
Moist  wliite  crystal  sand  >7  d. 

Yellow  sand  4 d. 

Moist  yellow  sand  >33  d. 

Excess  moist  white  crystdL  >28  d, 
sand 

Excess  moist  yellow  sand  >68  d. 

White  crystal  sand,  mois-  3-0  d, 
ture  allowed  to  evap. 

White  crystal  sand,,  mo  is-  >47  d. 
ture  not  evap, 

Whit'.-  ^ .taj  .'f.ond,  27  d, 

moisture 

White  crystal  sand,,  0.66^  30  d, 
moisture 

Whits  crystal  sand  evap.  >174  d, 

prevented^,  7,1;!^  moisture 

VOLCANIC  ASH 

Diplococcus  pneumoniae 

Dried  cult,  and  mixed  6 d, 

with  volcanic  ash,  kept 
moist 


GENERA 

Leptospira  Ictcrohaemorrhagj ae 
Polluted  soil  3 d, 

Leptospira  sp ^ 

•Wet  ground  from  mines  months 

Pseudomonas  fluorescens 

Soil  ' 45  d. 

Dried  blood  or  tilfalfa  Disappeared  from  soils 

added  to  soil 


Patel 


Patel 


Parker 


Germane 


Patel 

Dempster 


Noguchi 


1929 


1943 


Steinhaus  1945 


Dempster  1894 


1897 


1929 


1894 


Germane  1897 


1918 


Buchanan  1927 
Katznelson  1940 


TABLE  3 / (CONT»D) 


THE  SURVIVAL  OF  MICROORGANISMS  IN  SOIL 


Pactor(3) 

Survival 

Reference 

GENERAL 

Leptospii’a  crippo- typhoon 

Hlgli  degree  soil  humidity 
with  hot  weather 

Favors  presence,  may  en- 
ter okin  if  person  in 
in  contact  with  mud 
or  water  thot  is  in- 
fected 

Kathe 

1945 

Vibrio  comma 

Garden  earth 

4 d. 

Dempster 

1894 

Moist  garden  earth 

> 33  d. 

•f 

II 

Excess  moist  garden  earth 

>68  d. 

N 

n 

Soil,  no  moisture 

1-2  d. 

ft 

n 

Azotobacter  spp. 

Soil",  dark 

lOX  noo,  in  soil  in  sun 

Dhar 

1939 

Acid  soils 

<*24  hr. 

Katznelson 

1940 

Lime  and  soil 

Survived 

tf 

n 

Lime  and  dextrose  and  soil. 

Multiplied 

n 

n 

Pure  cult,  in  ster.  soil 

1 

Multiplied  upto  40  d, 
then  dec*.  Still  dec. 
at  85  d. 

fl 

n 

Indiam  & Malayan  soil.. 
pH  3,6-3  1 

Capable  of  growing  but 
limit  on  acid  side 

Salesman 

1 

1940 

Soil 

Present 

Vandecavege 

1934 

Soils  moot  frequently 
fertilized  with  manure 

Showed  largest  no.  of 
azo  tobacter 

Kanivets 

1938 

^ y THE  SURVIVAL  OF  MICROORGANISMS  IN  SOIL  (GENERAL) 


Foe  tor  (a) 

Survival 

Ref eren 

GENERAL 

; 

r’^Cult.  of  logTAtrie  bacteria  in 
gla.es  bottles,  extended 
■«xposurs  to  uv.  light, 
on  dried  soil 

No  serious  injury 

Albrecht 

on  natural  soil 

Viable  7 yr. 

H 

Soil 

Survives  extremes  of 
moisture  & temp,, 
absence  of  host,  and 
wind  and  dust  storms 
to  some  extent 

Vandecavey 

Lactic  acid  bacteria  in 
star,  garden  soil 

5 yr. 

Barthel 

Anthracite  coal  from  Wales 
& Penna 

1 

5 hr.  in  autoclave  does  | 
not  kill  all  org,,  50 
hr.  in  hot  air  oven 
does  not  kill  all  org. 

Lipraan 

Denitrifying  & ammonifying 
exposed  to  -20  and  7C 

1-10  wk,  were  not  in- 
jured 

Bryan 

Nitrifying  bacteria ^ '..20  & 
7C 

i Ammonifying,  nitrifying  & 

I’lO  wk.  were  injured 

tt 

N'.fixing  org.„  -'2  8c  '14C 

Activity  unaffected 

Demouosy 

Bacteria  in  soil,  April  ■ 
May 

Bacteria  in  soil,  hot  sum- 

150-160  mlllion/g  dry 
soil 

Eggleton 

i 

mer  mo.,  no  moisture 

110' -120  million/g 

1 '• 

Bacteria  in  soil,  Sept, 
moisture 

130-140  million/g 

ft 

Bacteria  in  soil,  winter 

110-120  million/g 

II 

Soil  bacteria,  IOC,  cult, 
of  synthetic  glucose  agar 

Greatest  survival  24  mo, 
produces  a rather 
permanent  change  in 
their  nitrifying  flora 

Greaves 

1 

1 

Soil  bacteria,  40C,  cult, 
of  synthetic  glucose  agar 

Least  survival  at  24  mo. 
materially  reduced  U- 
fixing  powers 

tl 

Sulfur  & Fe  bacteria  in  soi] 
4OO“'1O09  meters  deep, 

R.H.  high,  30C,  Inoc,  into 
beef  extract-pepton  bouil- 
lon & 2%  malt  exti-act 
with  2%  agar 

1-8  d. 

Lie sky 

Bacteria  in  1 gin.  of  field 
soil 

Contains  100  million  ™ 
3 billion 

Wales  man 

Addition  to  fresh  soil  of 
washed  susp'n  of  living 
bacteria 

Resulted  in  their  rapid 
death 

Waksraan 

Sea  water  and  mud,  30C 

25^  killed,  10  rain. 

Zobell 

Field  soil  frozen  over  2 mo, 
developed  on  albumin  agar, 
20C  ' 

Non-  sporulatlng  short 
rods,  non-liquifying  or 
' slow  liquifying  most  ' 
abundant 

Lochhead 

1930 


n 

1927 


1924 

1931 

1935 


1929 

1934 


II 

II 

n 

1944 


1929 


1927 

1940 


1940 

1925 


table  3 K (CONT’D)  THE  SURVIVAL  OF  MICROORGANISMS  IN  SOIL  (GENEilAL) 


Ftic  tor  (a ) 


GENERAL  (cont’d) 

Field  noil  frozen  over'  5 mo 
developed  on  nlbumin  onor, 
3C 

Aerobes  in  black  mud  of 
"dry  estuaro"  near  Odessa 
stored  since  1901  in  seal- 
ed tube  with  OOg  or  H 
Anaerobes  no  above 


Survival 


Non-1  iquifying  shoi't 
rods  predominated. 

No,,  of  col.  at  3C  10^ 
of  no.  at  20C 
Inoc.  300 p 000- 400, 000/ 
g.  of  mud,  still  alive 


Inoc,  64000- 72000/g.  of 
inudf  still  alive 
c'lrrelated  with  solar 
soil  temp,,  & light 


Bacteria  activity  closely 
energy  as  expressed  in  aii’ 
intensity . 

Soil  suppresses  growth  of  mi  croorg. 
dishes. 

Influence  of  pH,  water,  iliuraination, 
microflora , 

Sterilization  of  soil  and  i'.s  effect  on  bacteria. 

Bacteria  in  polluted  soil. 

Sporebearing  bacteria  found  in  soil, 

Microorg.  in  soil  found  in  interior  of  vegetables 

Mi croorg.  in  soil. 

Bacteria  salmonicida  in  riv( r water  and  silt  sur • 
vives  12  wk. 

Inc.  in  no.  of  bacteria  in 
of  breaking  up  of  bacteri 
actual  inc,  in  nitrifying 

Ordinary  soil  conditions  unlavorable  to 
biotic  production  -is  a rulje  & also  to 
of  molds,  inactivating  agents  are  frequent  in  soil 

CO2  in  soil  result  of  activity  of  soil  microbes, 

changes  in 
content  of 
the  forest  i 


in  agar  on  petri 
and  air  on 


frozen  soils  is  result 
clumps  rather  than 
bacteria , 

high  anti' 
oporulation 


Definite  cori'elaoion  betwc 
soil  microbes  and  COg  i>roc 
lower  layer  of  the  atraospi 
influenced  by  soil  reopirf 


en  seasopax 
uctlon.  COg 
ere  beneatii 
tion. 


Reference 


Lochhead 

1925 

Rubenchik 

1935 

H 

Foher 

1930 

Novogroundsky 

1948 

Bokor 

1926 

Hall 

1950 

Heiser 

Laubach 

1917 

Re ml ingen 

1909 

Rossi 

1931 

Slack 

1937 

Bryan 

1935 

Cif erri 

1949 

Feher 

1 Q.'^A 

WBLE 


THE  SURVIVAL  OF  MYCOBACTERIUM  SPECIES  IN  SOIL 


Factor(s) 

r- 

Survival 

1 

Reference 

GENERAL 

M.  tuberculosis 

Under  cuviring  of  snow, 
-IOC 

6 wk. 

Gal  tier 

1887 

Soil 

3-3^  mo,  still  virulent 

Loeoener 

1896 

Soil,  dung  and  pasture,. 

summer  and  autumn 
Cow’s  feces  exposes  on 
pasture  land,  8-7  lb,, 

Living  and  virulent  at 
178  d. 

Maddock 

1933 

winter 

Recov,  0,  5 mo. 

Will iams 

1930 

spring 

" 2 mo. 

M 

tl 

autumn 

" H 4 mo. 

If 

H 

summer 

Cow’s  feces,  7-8  lb,  ex- 
posed on  pasture  land,  j 

" 2 mo, 

•k  I 

H 

H 

protected  from  sun  in 
summer 

4 mo. 

1 

1 

II 

II 

protected  from  earth- 
worms in  autumn 

6 mo. 

H 

ft 

Soil,  dung  and  pasture 
land  summer  and  autumn  i 

8‘-'6  mo. 

If 

If 

12  guinea  pigs  kept  out- 
doors, grazed  on  infect- 
ed grass,  grass  Infect  ■ 
ed  4x  one  mo,  apart 

Inoc,  12,000,000  org./ 
• sq.  ft.  of  grass;  2 
died  of  pneumonia,  8 
out  of  10  infected 
with  tuberculosis 

Maddock 

i 

1934 

12  guinea  pigs  in  shed  an( 
fed  on  cut  infected 
grass,  2 oz./pig/day 

1 6 out  of  13  contracted 
tuberculosis 

If 

II 

Garden  soil  & canal  liquid 
axposed  to  noon 

123  d. 

Musehold 

I 

j 

1900 

Gaiuen  soil  loft  & canal 

*1  A O ’ 

1 " 

tf 

66  d. 


liquid  manure  exposed 
to  weather  condittono 
Garden  soil  & canal  liquid 
manure  exposed  to  all 
weather  and  noon  sun 
M«  tuberculosis  (bovine) 
Pure  culture  mixed  with 
cow  manure  exposed  2" 
layer  in  pasture  in 
sunshine 
shade 

garden  soil 
Soil  in  South  of  Eng,, 
summer 

Pasture  land 
M,  tuberculosis  (avian) 
Toluol  sterilized  soil 
Unster,  soil 
Barn  yards 

M,  tuberculosis  Ccont'd) 

Soil  & sewage  if  properly 


Alive  and  virulent  for 
2 mo. 

Longer  time 
’ >213  d.  <230  d, 

49  d. 

Survive  well 

3 mo, 

>33  d, 

12  mo. 


n 

n 

Briscoe 

1912 

n 

M 

It 

H 

Maddock 

1933 

ffilliama 

1930 

Rhine s 

tt 

1935 

n 

Schalk 

1928 

Pra mer 

1050 

treated  is  free  of  org 


THE  SURVIVAL  OF  PROTOZOA  AND  METAZOA  IN  SOIL 


TABLE  3/<0 


Factor  (s) 

Survival 

Reference 

cla^y 

■ 

Ascvaris  luiubi'lcoi das 

Eg£0,  cloy  summer  temp. 

2 mo , 

Otto 

1929 

on  surface  in  ehndo  in 

S.W.  Va. 

On  surface  in  auij  in  S.W. 

RnvotT.  ^ oggs  isolated 

•1 

fl 

Va,,  summer  temp. 

still  alive,  160  d. 

Soil,  sun 

motile,  2 ] d. 

Brown 

1927 

" shade 

85,^  •'  " " 

rf 

tt 

Necator  americanus 

Clay  & liumus,  R.H. 

Rc<;(iV,  [y/o.  9 d. 

Payne 

1922 

tin  sleeve  containers 

LOAM 

Ascaris  lumbricoides 

Human  ascaris  eggs,  sum- 

S mo. 

Otto 

1929 

mer  temp.,  on  surlace 
in  shade  in  S.W,  Va , 

1 

, I 

On  surface  in  sun,  5, VI. 

Re'  ov  « 'i  ..MS,  160  d. 

1 " 

H 

Va,,  summer  temp. 
Soil,  shade 

39.3;^  motile,  81  d. 

Brown 

1927 

" sun 

54^  .<  .1  II 

H 

n 

Necator  americanus 

5-8  d,  old  cult. 

Inoc,  1,100,  Recov,  18, 

Augustine 

1922 

moist  clay  loam 

26  d. 

5-8  d,  old  cult.  IvU'vu, 

Inoc.  392,  Recov,  5. 

n 

moist  clay  loam  sod 

26  d. 

5-” 8 d.  old  cult,  larva. 

Inoc.  500,  Recov.  9, 

n 

n 

moist  red  clay  loam 

26  d. 

SAND 

Ascaris  lumbricoidco 

Human  egg's „ on  surTace  In 

2 mo. 

Otto 

1929 

shade  in  S.W,  Va.,  sum- 
mer temp. 

1 

On  surface  iu  tren.  S.IY... 

Recov,  i eggs  isolated 

n 

ft 

Va,,  summer  temp. 

still  alive,  160  d. 

Soil,  sun 

Recov,  0,  21  d. 

Bro  wn 

1927 

" shade 

90.3%  motile  embryos, 

n 

ff 

35  d. 

Necator  americanus 

5-8  d,  bid  cult.,  inoiut 

ilnoc.  498  larva,  Recov, 

Augustine 

1922 

sand 

; 91.  lb  d. 

Trichuris  triohim'.-i 

t 

Soil,  shade 

74'/o  motile,  35  d. 

Bro  wn 

1927 

GENERAL 

Ascaris  lumbricoides 

Veg,  on  soils  manured  with 

[Found 

Heeger 

1949 

human  feces 
Eggs  buried  in  ground 

15o-i80  d. 

Yoshidii 

1920 

1 with  thin  layer „ winter 

r Endamoeba  histol.'/tica 

OystiSU‘'in  soil  & feces, 

8 d. 

Beaver 

1949 

R.T.,  & I4C  for  4 hr. 
Cysts  in  soil  & feces  & 

6 d. 

fl 

water,  R.T.  1 hr. 

TABLE  > / o (CONT'D) 


THE  SURVIVAL  OF  PROTOZOA  AND  METAZOA  IN  SOIL 


Factor (s) 

Survival 

Reference 

OENEBAL  (cont’d) 
“TSiidamoeba  histolytica 

Cysts  in  soil,  feces  & 
water,  140  .12  hr. 

4 d. 

Beaver 

1949 

Veg.  fertilized  by  feces 
Necator  americanus 

A factor  in  spread  of 
dysentery  as  part 
played  by  handlers 

Winfield 

1939 

Larva  in  moist  soil,  out- 
side temp.,  incubated 
6-7  d.,  left  in  shade 

Few  existed  at  end  of  7- 
9 wk. 

Augustine 

1923 

Larva  in  moist  soil,  in- 
cubated 6-7  d.,  outside 
temp.,  mod.  shade 

Almost  coraolete  dying 
out  at  5^  wk. 

M 

If 

Larva  in  moist  soil,  in- 
cubated 6-7  d.,  outside 
temp.,  direct  sun 

1 seen  at  end  of  1 wk. 

fl 

Dry  soil,  dense  shade 

Recov.  0,  > 1 mo. 

N 

II 

" •*  mod.  shade 

Recov.  0,  10  d. 

H 

ft 

" " direct  sun 

It  « 5 d. 

11 

If 

••  " 1 6C 

Inoc.  345,  Recov.  0, 
17^^  wk. 

M 

It 

« " 20’31C 

Inoc.  335. 'Recov.  0,  7wk 

N 

If 

" « 27C 

M 341 , " ’• 

11  wk. 

N 

fl 

•'  " 40C 

Recov.  Q,  1 wk. 

ft 

ft 

•'  " 35C 

M 3 " 

II 

ft 

" “ 16C 

*•  "14  wk. 

«l 

II 

H II  27C 

'•  “ 11  wk. 

ft 

If 

Soil,  favorable  conditions 

6 -IE  wk. 

Payne 

1988 

••  35C 

3 wk. 

N 

It 

" 27C 

>9  wk. 

ft 

tl 

" 15C 

10-12  wk. 

fl 

It 

" OG 

1 wlf, 

N 

II 

**  direct  sun 

5 d. 

It 

tf 

A 

42-84  d. 

Yoshida 

1980 

Larva  in  soil  and  feces, 
direct  sun,  no  veg. 

Inoc,  150,  Recov.  0,  6 
wk. 

Augustine 

1923 

Larva  in  soil  and  feces, 
direct  sun  with  veg. 

Inoc,  4,208,  Recov,  32, 
6 wk. 

M 

tl 

Larva  in  soil  and  feces, 
direct  sun  with  veg. 

Inoc,  8,160,  " 0, 

9 wk. 

If 

tl 

Larva  in  soil  and  faces, 
bright  shade,  no  veg. 

Inoc,  98,160,  Recov. 
16,044;  5i  wk. 

If 

It 

Larva  in  soil  and  feces, 
bright  shade,  no  veg. 

Inoc.  105,600,  Recov. 
0,  10  wk,  & 2 d. 

If 

If 

Larva  in  soil  and  feces, 
light  shade,  with  vog. 

Inoc,  30,960,  Recov, 
12,240;  6 wk. 

H 

ft 

Larva  in  soil  and  feces, 
light  shade,  with  veg. 

Inoc,  36,592,  Recov,  60, 
9i  wk , 

ti 

ft 

Larva  in  soil  and  feces, 
dense  shade,  no  veg. 

Inoc,  9,680;  Recov,  2420, 
5 wk.  & 3 d. 

n 

M 

TABLE  (CONT'D) 


THE  SURVIVAL  OF  PROTOZOA  AND  METAZOA  IN  SOIL 


Factor  (o) 

Survival 

Refereno.e 

GENERAL  (cont'd) 
Necator  americaiius. 

1923 

Larva  in  soil  and  feces, 
dense  shade,  no  veg,  | 

Inoc,  48,168;  Recov,  0, 
9 wk. 

Augustine 

Larva  in  soil  and  feces, 
vwiense' shttde,  with  veg. 

Inoc.  190,130;  Recov, 
104,360;  5 wk.  & 5 d. 

^ tl 

If 

Larva  in  soil  and  feces, 
dense  shade,  with  veg. 

Inoc,  99,680;  Recov, 
540,  9 wk.  & 3 d. 

ft 

1 

II 

Soil  and  feces  dil.  with 
water  in  spring 

99^reduc,,  8*13  wk. 

Cort 

1925 

Soil  and  feces  dll.  with 
water,  summer,  70F 

99^  reduc.,  4-6  wk. 

ft 

If 

Soil  and  feces  dil.  with 
urine,  summer 
Eimeria  tenella 

99^  reduc.,  2-3  wk. 

H 

1 

1 

It 

Oocysts  of  E,  tenella  in 
soil,  direct  sunlight 

<1  yr. 

Farr 

1949 

Oocysts  of  E.  tenella  in 
soil,  part  shade 

H N tl 

ft 

If 

Oocysts  in  soil,  deep 
shade 

*1  M N 

ft 

H 

Addition  of  10^  CaO  to 
contaminated  soil 
Eimeria  maxima 

Org,  still  present  12  wk 

Patterson 

1933 

Oocysts  in  soil,  direct 
sun 

< 1 yr. 

Farr 

1949 

Oocysts  in  soil,  part 
shade 

H H n 

tl 

H 

Oocysts  in  soil,  deep 
shade 

Eimeria  acervullna 

H « '• 

H 

M 

Oocysts  in  soil 
Gastrointestinal  Nematodes  ( 

86  wk, 
)f  sheep 

II 

11 

Posture  soil,  temp,  warm 
and  moist 

Good  survival 

Kates 

1950 

Pasture  soil,  cold 
weather 

Highly  resistance 

If 

II 

Pasture  soil,  drought 
and  high  temp. 

Low  *• 

N 

If 

Pasture  soil,  free  living 

Most  resistant  to  com- 

H 

II 

stages,  drought  high 
& low  temp,. 

plex  climatic  condi  tid 

Pasture  soil,  larva  of 
most  common  parasites 

3~3,5  mo. 

M 

If 

1 gm,  of  field  soil 
Toxocara  canls 

Numerous 

Waksman 

1927 

ioiT" under  snow 

Winter  mo. 

Owen 

1930 

TABLE 


THE  SURVIVAL  OF  SALMONELLA  SPECIES  IN  SOIL 


Factor  (a) 

CLAY 

8,  typhoau 
.Clay,  rainy  aeaaon 
" dry  " 

^ N 

HUMUS  AND  GRAVEL~  

S , ty pho  aa 

Humua  and  gravel,  RT.. 


Loam  49  d, 

•*  , rain  120  d. 

Sandy  loam  with  raw  ac3wa(^  Recov.  0,  5 d* 
Clayloara  " * 18  d. 


Survival 


Reference 


!6  wk, 
'.'5  » 
15  d. 


Inoc,  24  hr.  bouillon 
cult..  9~16  mo, 


" , rain 


Mud  at  bottom  of  aquarium  2 mo. 

Tidal  mud  5 wk, 

S,.  tvphimuri u ra 

Mu d i n in fe c”t o d water,  Demonstra.ble  22  d, 
outside  temp, 

PEAT 

S«.  typhosa 

Stock  cultj,  and  dry  peat,  >13  d. 
at  51F.  max,  56F  and 
min.  37F 


Peat,  pH  3-’ 4 Low  survival 

Peat  24  hr, 

" , dry  or  wet  or  mo  let  20-30  d. 

Pure  peat  24  hr. 

Peat  with  sewage.  52-78F  11  d, 

f typhosa 

Fine  sand  with  dil,  raw  Inoc,  stock  cult,,  6 d, 
sewage,  33F-54F 

Fine  sand  with  dil,.  raw  ” enteric  stool  cul 
sewage,  55F-75F  13  d. 

Sand  I 4-7  d. 

Dry  sand,  53--83F  >25  d. 

Fine  sund,  moist  >12  d. 

White  sand  '70  d«. 

Sand  with  sewage  Recov,  1.336,  33  d. 

Ster.  sand  55  d. 

Filtered  sand  82  d, 

Ster,  Sand,  filtered,  140C  Viable  82  d, 
air  dried  after  36  hr. 

4 min,  water  sii.sp'n 


SAND 


” enteric  stool  cult 
13  d, 

4-7  d. 

>25  d, 

>12  d. 

■70  d„ 

Recov,  1.336,  33  d. 

55  d. 

82  d. 


Beard 

1937 

n 

Levy 

1903 

Rullraann 

j 

1901 

Beard 

1940 

H 

m 

Mai imann 

1951 

H 

M 

Hoffmann 

1926 

Savage 

1905 

Bartos 

1947 

Firth 

1902 

Beard 

1940 

Dempster 

1894 

Banne 

1932 

Martin 

1898 

Firth 

1902 

Firth 

1902 

n 

1 

« 

Beard 

1940 

Firth 

1902 

N 

H 

Dempster 

1894 

Mai Imann 

1951 

Murillo 

1919 

Oaler 

1901 

Uf felmann 

1894 

<12  mo 


TABLE  S//  COONT’D)  Tl-IE  SURVIVAL  OF  SALMONELLA  SPECIES  IN  SOIL 


Faotor(s) 

Survival 

Reference 

GENERAL 

typhoaa 

Soil  moistened  with  sew’ 

Inoc,  Stoc'k  cult,,  74  d. 

1 

Firth 

1902 

age,  33.2-83F 
Soil  around  drain  moisten- 

. « " " 65  d. 

ff 

H 

ed  with  sewage,  14o3  " 
58, 8F 

Soil  around  leaking  drain 

i 

**  Stool  cult,,  53  d. 

ff 

moistened  with  sewage, 
40-81F 

Soil  witli  sewage  kept  irl  i 

- « « 45  d. 

ff 

(f 

a closed  box,  19.6-59,2Fj 
Stool  of  carrier  mixed 

< 7 d. 

Ho  r rocks 

1911 

with  garden  soil 
Ster.  fecesj  infected  soil 

Inoc,  1 cc  .34  hr,  bouil- 

Rullraann 

1901 

R.T. 

Unster,  feces,  infected 

Ion  cult.'"  Viable  1 yr, 
Inoc.  Icc  24  hr,  bouilWS 

tl 

tl 

soil,  R.T. 
Soil 

Ion  cult,,  Viable  lOOd. 
50:/t  in  48  hr. 

Bea  rd 

1940 

Moist  soil,  freezing  temp.. 

24  mo. 

ft 

ff 

* " " and 

99^0  reduc,  in  18  mo. 

ff 

tf 

rafreezing 

Moist  soil  with  rain  add- 

55  d. 

Fir  th 

1902 

ed,  16,2-  57F 
Soil  and  rain,  14,8 -54.3F 

44  d. 

tf 

H 

'•  '•  " 34-6CF  1 

32  d. 

tl 

H 

Surface  soil,  3 22  hr.  sun-: 

22  d. 

1 tl 

1 

ff 

shine 

Soil 

5a-  mo. 

Grancher 

1889 

Garden  earth 

10-21  d. 

Demp.«tcr 

1894 

Natural  soil 

3 mo. 

Karl  in ski 

1889 

Soil,  dry 

12..30  d. 

Kligler 

1921 

" wet 

40-90  d. 

ff 

ff 

Unster.  soil 

4.2--7i  d. 

Mai  r 

1908 

Ster,  " 

9 d,  j 

fl 

If 

Natural  soli. 

Small  no,  70*80  d. 

ff 

ft 

(t  " 

Large  « 20  d. 

tf 

II 

Soil  enclosed  by  grass  & 

84  d. 

fl 

ff 

moisture  add(;d 
Garden  soil 

:>3G  cl. 

Murillo 

1919 

Soil,  freezing  temp. 

Decreases  viability 

Robertson 

1098 

« 

Low  temp, moisture,  inc. 

Rudolfs 

1950 

, unster, 

(9 

viability 
>100  d. 

Rullraann 

1901 

Polluted  soil,  ster. 

>16  mo. 

ft 

tf 

Garden  earth 

21  d. 

Osier 

1901 

Ster.  soil 

Inoc,  broth  cult,,  216  d. 

Rullraann 

1901 

Soil  filtrate,  dark 

Inoc.  7000/ml,,  Recov, 

Buys 

1941 

Dry  soil 

1100/ ml.,  5 d, 

^2  Vifk. 

Sedgwick 

1902 

Natural  soil 

21  d. 

Smi  th 

1903 

Dry  soil 

0 cl. 

Tanner 

1944 

Moist  coil 

>G0  cl. 

ff 

ff 

> //  (CONT«D) 


THE  SURVIVAL  OF  SALMONELLA  SPECIES  IN  SOIL 


• 

Fa c tor  (s) 

Survival 

Ref  crei 

n c e 

GENERAL 
S.  typhoaa 

Stor.  £;arden  soil,  140C, 
nlr  dried  of ter  wetting 
with  GU£3p’n  of  typhoc-o 
Upper  soil  layers 

Viable  21  d. 
i 6 mo. 

Uffelmann 

McFarland 

1894 

Soil  natural  or  ster« 

Short  time 

Smith 

1904 

" with  carrier  urine, 

allowed  to  dry  at  lab, 
temp. 

Inoc.  12000/gmj  Recov. 
330/gm,  7 d. 

Ilorrocks 

1911 

Humus  fro'n  garden  soil 
with  carrier  urino,  ex- 
posed to  weather  without 
rain 

Inoc.  1600/gm,  Recov. 
[ 280/gin,  10  d. 

If 

H 

Soil 

S.  paratyphi  A & B 

Found  on  veg  in  soil 

Mel ick 

1917 

Dry  soil 

8 d. 

Tanner 

!*■ 

Moist  soil 
S,  enteritidis 

> 60  d. 

(! 

N 

'4^. 

Soil 

S,  pul lo rum 

Short  time 

i Smi th 

1904 

Soil,  pH  7.0 
S«  gallinarum 

>64  d. 

R'any-'l 

1 941 

Soil,  pH  6.2  •6.4 

1 wk . 

Sanyal 

1941 

" " 6. 7. 7.0 

S.  opp. 

40-70  d. 

Tomatoes  grown  on  fertl  • 
lized  soil 

<7  d. 

Folk 

1949 

Soil  and  feces (enteric 
stool)  38-79F 

53  d. 

Firth 

1902 

Damp  soil  with  raw  sewage 

35  d. 

II 

li 

Moss 

404  d. 

Martin 

1898 

Ster.  soil 

Death  more  rapid 

N 

n 

Dry  soil 

Inooc  -ag-ar  & 3 drops 
feces  susp'n,,  Viable 
28  d. 

Pfuhl 

1 902 

ffet  garden  eai'thj;  ' 

1 

Inoc.  agar  and  feces, 
viable  3 mo. 

H 

(1 

Soil  from  1 summer  to  an> 
other 

1 

Sunlight  kills  org.  on 
surf.  <1/10  Inch  deep 
still  alive 

Robertson 

1898 

f 

Tomatoes  growing  in  field 
fecal  matter  applied 

7 d. 

Rudolfs 

1951 

table 


THE  SURVIVAL  OF  SHIGELLA  SPECIES  IN  SOIL 


Factor  (a) 

SXND 

S,  dysenterlao 


Sand,  heated  room 


GENERAL 

S,  dysenterlae 


Feces  and  earthp  1.5-15C 
Earth  and  water,  5-6C 
Dry  soil 
Wot  « 

Wet  /garden  earth,  li-21C 
Feces  applied  to  tomatoes 
growing  in  field 
Garden  soil 
Soil 

Rich  garden  soil 

aradysenteriae  fFlexner 


Series  of  trenches  at  1,2, 


Survival 


Reference 


Viable  12  d 


levels 


Rich  garden  soil 


>101  d. 

Growth  inhibited 
12-30  d, 

40-90  d. 

Viable  101  d, 

7 d. 

6-49  d. 

6-15  d. 

No  survival  time 

Inoc.  25  cc,  10  day 
cult. , 1 yr. 

No  survival  time 


Pfuhl 


Hampil 

Hampil 

Kligler 

N 

Pfuhl 

Rudolfs 

Vincent 
Zinsser 
Fel sen 


1902 


1932 

1932 

1921 

n 

1902 

1951 

1917 

1939 

1945 


brofti  " 


TA  BLE 


THE  SURVIVAL  OF  STREPTOCOCCUS  SPECIES  IN  SOIL 


Fa  c to  r ( 8 ) ^ 

1 

Survival 

Ref ernece 

"TC5S1  

S,  fnecalis 

Loam 

Recdiv,  6,4  logs/lOOgm, , 

Mallraann 

1951 

0 wk.  „ 

II 

Recov.  0.7  " " 

•f 

M 

. 

11  wk. 

S.  spp. 

Loam  (Isabella) 

Inoc,  5,9  logn/lOOgm. , 

n 

If 

1 

Racov.  0.0  loga/ioo 
gm,,  9 wk. 

" (Fox  Sandy)  ! 

Inoc,  5.2  loga/iOO  gm. , 

N 

N 

1 

1 

Recov.  2 logs/100  gm., 
5 wk. 

" (Brooketon  clay) 

Inoc.  5,6  loga/100  gm., 

N 

« 

! Recov,  0,8  loga/100 
gm. , 7 wk. 

Muck 

Inoc,  5,9  logs/ldO  gm,, 

M 

It 

Recov.  0.6  logs/lOO 
gra. , ]1  wk. 

Dried  Miami  sandy  loam, 

Inoc,  5,5  logs/lOOgm. , 

ft 

It 

1 treatment  raw  sewage 

Recov,  3.7  Ioga/I00gm„ 

& 8,  typhosa 

26  d. 

Dried  Brookston  clay  loam, 

Inoc.  5.7  logs/lOO  gm, , 

tl 

(t 

1 treatment  raw  sewage 

Recov,  8.9  logs/lOOgm, 

& S.  typhosa 

33  d. 

Dried  muck,  1 treatment 

Inoc,  7,0  logs/lOO  gm., 

fl 

It 

raw  sewage  & 3,  typhosa 

Recov,  1.4  Igos/lOOgm,, 
40  d. 

SAND 

S.,  pyogenes 
Sand 

53  d. 

Laurell 

1949 

S,.  spp. 

10  gm.  of  sand 

Inoc,  2cc,  broth  cult., 

Bryan 

1934 

66  d.  , 

n ;;  n ti 

Inoc,.  2cc,  nutrient  snap 

*» 

tt 

66  d. 

Oshtenio  sand 

Inoc,  4,6  logs/lOO  gm, , 

Mallmann 

1951 

5 wk.'0,9  " '•  " 

Dried  Oshtemo  sand,  1 

Inoc,  5,0  logs/lOO  gm.. 

ft 

ft 

treatment  of  sewage  & 

Recov,  1,3  logo/loo  gm. 

S.  typhosa 

33  d. 

GENERAL 

1 

S.  faecalis 
'Soil 

S,  pyogenes 

Found 

Winter 

1946 

Soil,  T. 

53  d. 

Laurell 

1949 

Soil  fertilized  with 

Inoo.  10"^,  Recov.  10”^ 

Oatrolenk 

1947 

> chicken  manure,  73C 

dil/g.,^21  d. 

^ Soil  fertilized  with 

Inoc.  10“'*,  Heoov,  10“^ 

n 

tl 

chicken  manure,  R.T* 

dil/g.,  160  d. 

TABLE  5 / ^ (CONT'D) 


THE  SURVIVAL  OF  STREPTOCOCCUS  SPECIES  IN  SOIL 


Factor (s) 
GENERAL  (cont«d) 


10  gm.  soil 

10  gra,  soil 

Unster.  soil, 

R.T, 

Uncter.  " 

ice  box 

Soil  with  pecans  artif 
infect. 

Survival 


Inoc,  2cc,  broth  cult., 
12  d. 

Inoc.  2cc,  nutrient  free 
au8p‘n,  10  d, 

Inoc.  10”1,  Recov.  1 gra, 
109  d.  , 

Inoc,  10”^, 

123  d. 

Inoc.  10'“'^, 

160  d. 


Recov,  lO”^, 
Recov,  10'*^, 


Reference 


Bryan 

N 


1934 

ft 


Ostrolenk  1947 


TABLE  Sju. 


THE  SURVIVAL  OP  VIRUSES  IN  SOIL 


Factor  (a) 


Survival 


SAND 

Poo 


GENERAL 

Newcastle  virus 


Soil,  37C,  pH  5.2 

« 20-30C,  pH  4.9 

" 11.^360,  pH  4.9 

" 3 ’6C,  pH  4.9 

" '’260,  " « 

Soil  in  chicken  pens 
Bacterio 

S,  typhosa  phage  in  soil 
3 ft.  deep 


1,4  d. 


ilnoc. 


1 ml. 

n N 


85  d. 
71  d. 
172  d. 
235  d, 
538  d. 


Present 


Ref  ei'ence 


Burhurv 


Olesuik 

N 


Levine 


Paoricha 


1 


References  (Soil) 


1.  Albrecht,  W.A.,  and  Turk,  L.M.  1930  Legume  bacteria  with 

reference  to  light  and  longevity.  Mo,  Agr,  Exp,  Sta., 
Research  Bull.,  132,  3-19* 

2.  Augustine,  D.L,  1922  Experiments  on  length  of  life  of  In- 

fective hookworm  larvae  In  soils.  Am,  J.  Hyg.,  2,  177. 

3.  Augustine,  B.L.  1923  Experiments  on  the  factors  determin- 

ing the  length  of  life  of  Infective  hookworm  larvae.  Am, 

J.  Hyg.,  3,  420-1U<.3. 

4.  Bang,  B.  lo97  ^le  Aetlologle  des  seuchenhaften  (Infeetlosen) 

Verwerfens,  Z,  Thler,,  1,  241-278, 

5.  Barthel,  C,  1924  Length  of  life  of  lactic  acid  bacteria  In 

chalked  milk  and  In  soil  cultures.  Kgl.  Landtbruks-Akad. 

■ Himdl,  Tld.,  642-650. 

6.  Bartos,  D,,  Bahsagl,  J.  and  Bakes,  K.  1947  Lie  Lebensdauer 

der  enteralen  Krankholtaerregenden  Bakterlen  Im  Brunnen- 
wasser.  Z,  Hyg,  Infektlonskrankh, , 127.  347-354. 

7.  Beard,  P.J.,  Carlson,  J.M.,  and  Chambers,  R.D,  1937  The 

survival  of  Ebert^lla  tvohoaa  In  soil.  J,  Baet,,  21t  74. 

8.  Beard,  P.J,  1946  Lengevltv  of  Zberthella  typhosus  In  vari- 

ous soils.  Am,  J,  Pub,  Health.  30.  1077. 

9.  Beaver,  P.C,  and  Deschamps,  0.  1949  The  viability  of  E, 

histolytica  cysts  In  soil.  Am.  J.  Trop,  Med.,  189-191, 

10.  Beranek,  J,  1948  Studle  zlvotnostl  anthraxovyeh  spor  na^^ro- 

stllnstvu  saraorene  pudy,  Casopls  Ceskoslov,  Vet,,  557- 

563. 

11.  Bokor,  R.  1926  Mlcroflora  of  forest  soils.  Botan.  Inst. 

Kon,  Ung,  Hochaohule  Berg,  u,  Porstlngen  Porstl.  Vers., 
Sbpron, 

12.  Brewn,  H.W.,  1927  Studios  on  the  rate  of  development  and  vi- 

ability of  the  eggs  of  Asearls  lumbrlcoldes  and  Trl churls 
trlehlura  under  field  conditions.  J.  Parasltel..  Ik.  l-l5. 

13.  Bryan,  C.S,  1934  The  viability  of  streptococci  of  mastitis. 

Vet,  Med,,  524-526. 

14.  Bryan,  C.S.  1935  Influence  of  controlled  temperature  and 

soil  treatment  on  some  soil  bacteria.  Michigan  Agr.  Exp, 

• Sta,,  Quart.  Bull,,  18,  106-113. 

15.  Buchanan,  0,  1927  Spec.  Rep.  Ser.,  Med.  Res.  Counc.,  Lon- 

don, No.  113. 

16-  '’ameror*!  **  S.  1932  The  viability  of  Brucella  abortus. 

Cornell  Vet,,  2g,  212-224. 

17.  Chick,  H,  1900-1901  The  distribution  of  Bacterlmn  coll 

aoramme,  Thompson  Yates  Lab,  Rep.,  3,  1-29,  117-129. 

18.  Christiansen,  M.J,  1950  Orae smarks Info kt Ion  og  kvaegbrucel- 

lose.  Kastnlngsbakterlers  levedygtlghed  1 det  frl,  belyst 
ved  praktlske  fors^g.  Maanedsskr.  Dyrlaeger,  253-2o8. 

19.  Olferri,  R,  1949  Contro  Interpretazloni  flnalistlche  degll 

ailtlblotlels  saggl  negatlvl  di  aooertamento  dlretto  dell' 
eslstenza  dl  antiblotlol  nel  suolo.  Attl  1st.  Bot.  Unlv. 
LaO).  Crlttogaraleo  Pavla,  274-276, 

20#  Cort,  W.W,  1925  Investigations  on  the  control  of  hookworm 
disease.  XXXIV . Am.  J.  Hyg.,  49. 

21.  Currun,  H,R,  1935  The  Influence  of  some  environmental  fact- 
ors upon  the  thermal  resistance  of  bacterial  spores,  J. 
Infectious  Diseases,  5^,  196-202, 


4“ 

I 


22.  Damoni  S.R.,  and  Fayabi,  L.B.  1926  Distribution  of  spores 

of  B,  botullnua  and  B,  tetanl  In  soil,  In  Maryland.  J.  In- 
fectious Diseases,  491-501. 

23.  I>emoussy,  E.  1929  Resistance  of  soil  nlcroorganlsns  to  the 

low  texnperature  obtaining  (in  France)  during  1928  to  1929. 
Ann,  Scl,  Agron,,  kb,  395-399. 

2k.  Demspter,  R.  l69k  Influence  of  different  kinds  of  soil 

on  the  CoDBaa  and  typhoid  organisms.  Brit.  Med.  J.,  1,  1126. 

25,  Dhar,  N.R. , and  Seshacharyulu,  B.V,  1939  New  aspects  of  ni- 

trogen fixation  and  conservation  In  the  soil.  Ill,  Influ- 
ence of  light  on  bacterial  numbers  and  nitrogen  fixation. 

J.  Indian  Chem,  Soo,,  3^,  k63-k76. 

26,  Dubovsky,  B.J.,  and  Meyer,  K.P.  1922  The  occurrence  of  B. 

tetanl  In  soil  end  on  vegetables.  J.  Infectious  Diseases, 
6lk-6l6. 

27,  Bg^eton,  V.O.E.  193k  Studies  on  the  microbiology  of  grass- 

land soil.  X.  Oeneral  chemical  and  microbiological  feat- 
ures. J.  Agr.  Scl.,  2k,  ki6-k3k. 

28,  Falk,  L.L.  19k9  Bacterial  contamination  of  tomatoes  grown 

In  polluted  soil.  Am.  J.  Pub.  Health,  21»  1338-13k2. 

29,  Farr,  M.M.,  and  Wehr,  E.E.  19k9  Survival  of  Elmerla  acervu- 

llna.  E.  tenella  and  E.  maxima  oocysts  on  soil  under  vari- 
ous fl7ld  conditions."  Ann.  New  York  Acad.  Scl,,  22,  k68-k72, 

30,  Feher,  D.  1930  Untersuchungen  fiber  die  Kohlenstoffernfihrung 

des  Valdes.  Verhandl,  Internet.  Kongr.  Versuchaanst , 1929. 
5k6-556. 

31,  Feher,  D,  1938  Untersuchungen  fiber  die  blodynamlschen  Grun- 

lagen  der  Bodenatraung . Z.  Forstu.  Jagdwesen,  2S,  65-89, 

32,  Fellow,  C.C.,  and  Fellow,  M.O,  1923  Observations  on  the  vi- 

ability of  the  Bacterium  coll  group  under  natural  and  arti- 
ficial condl 1 1 onsT  Am . . Health,  li,  270-273. 

33,  Firth,  R.H,  1902  On  the  viability  of  the  enteric  bacillus 

In  soil  and  sewage,  and  Its  bearing  upon  some  methods  of 
sewage  disposal.  J.  San.  Inst,,  London,  £2,  6lk-6l9. 

3k.  Firth,  R.H.,  and  Horrocks,  W.H,  1902  An  Inquiry  Into  the 

Influence  of  soil,  fabrics,  and  flies  In  the  dissemination 
of  enteric  Infection.  Brit,  Med.  J,,  g,  936-9k3, 

35.  Foraker,  A.O,  19kl  Survey  of  tetanus  In  soil  of  Key  Vest, 

Florida.  Military  Surgeon,  82.,  7k7-75o, 

36.  Oermano,  B,  -1©  Hebert  ra^jung  von  InfektlonskranVhel- 

ten  duroh  die  Luft.  II.  Mltthellung-Dle  Uebertragung  der 
Diphtheria  Durch  die  Luft,  Z,  Hyg,  Infektlonskrankh, , 25, 
k39-k52, 

37.  Oranoher,  J,,  and  Deschampa,  E.  1889  Arch.  Med.  Exper,  et 

DtAnat.  Path.,  1,  33. 

36,  Greaves,  J.E. , and  Jones,  L.V,  194k  7he  Influence  of  temp- 
erature on  the  microflora  of  the  soil.  Soil  Scl.,  377- 

387 . 

39.  Orushevol,  S.E.,  Levykh,  P.M.,  and  Macbleva,  E.I,  19k0  Dis- 
infecting seed-bed  soil  with  the  heat  from  the  sun,  Vseso- 
yuz.  Naueh.-Issledovatec.  Inst,  Tabach.  1 Makhoroch.  Prom,, 
Ikl.  k9-6l. 

kO,  Haines,  R.B,  19k2  Occurrence  of  Clostridium  botullnum  in 
English  soils.  J.  Hyg.,  kli  323-3^7. 
kl.  Hall,  N.M.,  and  Clegg,  L.F.  1950  Microbiological  aspects  of 
the  partial  sterilization  of  soil  by  chemicals,  A review 
of  the  literature,  Proc,  Soc,  Applied  Baet.,  19k9.  100- 


42*  Hampll,  B,  1932  The  Influence  of  temperature  on  the  life 
prooeasea  and  death  of  bacteria*  Quart,  Rev,  Biol.i  2.* 
172-196, 

43,  Hanne,  H,  1932  Die  Verwendung  dea  Torfea  vom  bakterlolo- 

glachen  Standpunkt  aua  betrachtes*  Z,  Oeahundheltateeh, 
Stidtehyg**  24*  127-134* 

44,  Heeger,  B,P.  Fertilizing  of  medicinal  and  aromatic 

herba  and  of  vegetablea  with  human  feces,  a source  of  wo- 
rm Infection*  Pharmazle,  192-193. 

45,  Holaer,  V,0*  1917  Soil  pollution  problem.  New  York  State 

J.  Med.,  II#  298*  ^ n - 

46,  Hoffmann,  E,  1926  On  ayphllitle  Infection  with  material  fr- 

om dead  bodies  and  possible  parasitic  life  of  Splroehaeta 
pallida*  Munch*  Med,  Woohnschr,,  22.*  185-187* 

47,  Horroeks,  W*H,  1903  J*  Roy.  Army  Med,  Corps,  1#  3o2. 

48,  Horroeks,  W*H,  1906  Report  of  Commission  on  Mediterranean 

Fever  (On  the  duration  of  life  of  M.  melltensls  In  unsterl- 
llzed  soil,  Harrison  and  Sons,  London* 

49,  Horroeks,  W.H.  1911  On  the  viability  and  possible  variation 

of  the  Bacillus  typhosus.  J*  Roy.  Army  Med.  Corps,  London, 

16,  225^^2fo^  - , , o 

50,  Houston,  A.C*  1897-1902.  Hep*  Med.  Officer,  Local  »ovt* 

51,  Ishlhara,  N,,  and  Murakami,  K.  1933  Distribution  of  tetanus 

bacilli  In  earth  of  gymnasium  grounds  of  Taihoku  schools, 
Taiwan  Igakkl  Zasshi,  ii,  113. 

Jensen,  H.L*  1930  Actlnomycetes  in  Danish  soils* 
enee. 


52* 

53* 


Soil  Sel- 


Jordan 


; ^,  59-77. 
, e7o*  1926 


, The  changes  in  the  bacterial  content  of 

stored  normal  and  typhoid  feces*  J.  Infectious  Diseases, 

^0  306“322* 

54.  Ka^vets,”M*l!,  and  Lebedeva,  M.A.  1938  The  increase  in  the 

productivity  of  the  soil  under  the  Influence  of  a system 
of  cultivation*  Nauch.  Zap! ski  Sakhamol  Prom.  Agron.  Byp, 
li,  161-176. 

55.  Karllnskl,  J*R*  1889  Centr.  Bakt.,  65. 

56.  Kates,  K.C,  1950  Survival  on  pasture  of  free-living  stages 
of  some  common  gastrointestinal  nematodes  of  sheep*  Proc* 


57  • 


58. 


Helmlnthol*  Soc*  Washington,  39-58. 

Kathti,  J,  1945  W1  tterungsverhtij  tnlsse  undo  Mause  in  Ihrer 
Bedeutung  fur  die  Epldemlologle  des  Schlamm  Oder  Feldfle- 


bers. 
Katznelson, 


Epldemlologle - 

Zentr*  Bakt.  I*  Abt*  Orlg*,  l5l,  481-489* 

>tobe 


Science,  21-35* 


H.  1940  Survival  of  Azotobacter  In  soil*  Soil 


59,  Katznol8on,“Wi  194b  Survival  of  microorganisms  inoculated 

into  sterilized  soil*  Soil  Science,  42.,  211-217* 

60,  Katznelson,  H*  1940  Survival  of  microorganisms  introduced 

into  soil*  Soil  Science,  42,  283-293* 

61,  Klein,  E.K*  1935  Constancy  of  characteristics  differentia- 

ting intermediates  in  the  Eacherlohla-Aerobactor  group  and 
their  interpretation.  Am.  J*  Pub,  Health,  2^^,  833-838* 

62,  Kligler,I.J*  1921  Investigations  of  soil  pollution  and  the 

relation  of  various  typos  of  privies  to  the  spread  of  in- 
testinal infections*  Intern,  Health  Bd.,  Monograph  Rocke- 
feller Inst,  Med,  Research,  No,  l5,  1-75* 


63,  Kosep,  S.A,  1924  Is  ability  to  utilize  citrate  readily  ac- 
quired or  lost  by  the  oolon-aerogenes  group.  J.  Infecti- 
ouB  Dlaeasea,  315-322. 

64o  Kulp.  W.L.  1932  A note  oonoernlng  the  effect  of  a ape elf lo 
environ  on  the  character  and  viability  of  several  atraina 
of  A.  ayogenea  and  B.  coll . J,  Baot,,  317-320. 

65.  Laubaoh,  O.A.,  and  Rice,  J.L.  1916  Spore-bearing  bacteria 

In  Boll,  J.  Baet,,  5l3. 

66.  Laurell,  0«,  Lofatrom,  0.,  Magnuaaonf  J.M.,  and  Ouchterlony, 

0.  1949  Airborne  Infections*  II.  A report  on  the  meth- 
ods. Acta.  Med.  Soand.,  134«  169-204. 

67.  Levine,  P.P. , Pabrloant,  J. , Gflllesple,  J.H. , Angstrom,  C.I., 

and  Mtohell,  O.B.  1950  The  results  of  pen  contact  expo- 
sure of  auaceptlble  chickens  to  chickens  recovered  from 
Bewoaatle  disease.  Cornell  Vet.,  206-210. 

68.  Levy,  K.,  and  Kayser,  H,  1903  Uber  die  Lebensdauer  von  Ty- 

phuabaolllen,  die  Im  Stuhle  entleert  vurden.  Centr.  Bakt. 

1.  Abt.,  489-495. 

69.  Lleske,  R. , and  Hofmann,  E.  1929  Untersuchungen  fiber  den 

Bakterlengehalt  der  Erde  In  groben  Tlefen.  Centr.  Bakt., 
XLf  305-309. 

70.  Loomead,  A.O.  1925  The  bacterial  types  occurring  in  fro- 

zen soil.  Soil  Science,  225-231. 

71.  Loeaener,  V.  1696  Uber  dasverhalten  von  pathogenen  Bakt- 

erlen  In  Beerdlgten  Kadavern  und  fiber  die  dem  Erdrelch 
und  Orundwaaser  von  solchen  Orlbern  Angebllch  drohenden 
Oefahgen.  Arb.  A.D.'Kala.  Oeaund.,  12,  448-539. 

72.  Lovell,  R.,  Levi,  M. , and  Francis,  J.  ”T944  Studies  on  the 

survival  of  Johns 's  bacilli,  J,  Corap,  Path.  Therap.,  5it, 
120-129. 

73.  McClellan,  W.D.,  Gristle,  J.R.,  and  Horn,  N.L.  1949  Effi- 

cacy of  soil  fiunlgants  as  affected  bv  soli  temperature  and 
moisture.  Phytopathology,  272-203. 

74.  McFarland,  N.I.  Text  on  Pathogenic  Bacteria* 

75.  Haddock,  E.C.G,  1933  Studies  on  the  survival  time  of  the 

bovine  tubercle  bacillus  In  soil,  soil  and  dung,  In  dung 
and  on  grass  with  experiments  on  preliminary  treatment  of 
Infected  organic  matter  and  the  culture  of  the  organism. 

76.  Haddock,  E.^Q,  1934  Further  studies  on  survival  time  of 

bovine  bacillus' in  soil,  soil  and  dung.  In  dung  and  on 
grass.  J.  Hyg.,  372-379. 

77.  Malr,  W,  1908  Experiments  on  the  survival  of  B.  typhosus 

In  sterllizod  and  unsterlllzed  soil.  J.  Hyg, 7 4,  37 . 

78.  Mallmann,  W.L.,  and  Lltaky,  W.  i95l  Survival  of^selected 

enteric  organisms  in  various  types  of  soil.  Am,  J,  Pub, 

Health,  4l.»  38-44. 

/79.,  Martin,  S,  1896-1097  Supp,  to  Hep.  of  Med,  Off,  Local  Oo- 
v‘t  Bd. 

80.  Martin,  S,  1898  Rep.  Med.  Off,,  Local  Oov»t.  Bd. 

81.  Melick,  C.O,  1917  The  possibility  of  typhoid  Infection  th- 

rough vegetables.  J.  Infectious  Diseases,  21,  28-36. 

62.  Minett,  F.C.  1950  Sporulation  and  viability  of  B,  anthra- 
cla  in  relation  to  environmental  temperature  and  hiunldlty. 
J,  Comp,  Path.  Therap.,  I6I-176. 


f 


tf  ■ 

i 


83,  Murillo,  P,  1919  Plua-Ultra,  Madrid,  g,  11^. 

84,  Muaehold,  P,  1900  Uber  die  Wldoretandsfflhlgkolt  der  mlt  dem 

Lungenauawurf  herauabef Srderten  Tuberkelbazlllen  In  Abwaaa- 
ern,  Ira  Pluaawaaaer  und  Im  kultlvlrton  Boden,  Arb,  A.D, 
Kaleerlleh  Gea,,  IJ,  56-107, 

85,  Novogroudaky,  D,M,  19i^.8  Ob  odnom  prolavlenll  antlralkrobnyck 

avolatv  pochvy.  Mlkroblologlla,  H,  193-200, 

86,  Olealuk,  O.M.  1951  Influence  of  environmental  factors  on 

viability  of  Newcastle  disease  virus.  Am,  J,  Vet,  Research, 

, 12,  152-155, 

87,  Osier,  W,  1901  Practice  of  Medicine  (4th  Ed,), 

88,  Oatrolenk,  M, , Kramer,  N,,  and  Cleverdon,  R.C,  1947  Conqiar- 

atlve  studies  of  enterococci  and  Escherichia  coli  as  indi- 
ces ef  pollution,  J,  Baot,,  £2,  197. 

89,  Otte,  Q.P,  1929  A study  of  the  moisture  requirements  of  the 

eggs  of  the  horse,  the  dog,  human  and  pig  ascarlds.  Am,  J, 
%g*»  lit  497-520. 

90,  Ouohterlony,  0,  1949  Airborne  Infections.  Ill,  Infections 

and  spreading  of  Infection  In  diphtheria  with  special  refe- 
rence to  Isolation  wards,  Acta,  Hed,  Scand,,  Im.  296-309, 

91,  Owen,  W,D,  1930  Paetera  that  Influence  the  development  and 

survival  of  the  ova  of  an  asoarld  roundworm  Texocara  eanla 
under  field  conditions,  Tech,  Bull,  No,  71,  UnlvV  Minn, 
Agrlo,  Exp.  Sts, 

92,  Owen,  V.L, , and  Mobley,  R,L,  1948  A new  species  of  Torulae 

occurring  In  and  transmitted  by  the  American  cockroach  Per- 
Iplaneta  amerlcana  (Linn).  Pood,  Research,  1^,  281-290, 

93,  Parry,  B.W,  1946  Prevalence  of  Clostridium  botulinua  in 

sells  of  central  New  York  Stated  Pood  Research,  11,  203- 
, 209. 

94*  Pasrloha,  C,L.,  and  Paul.  B,M.  1941  Bacteriophages  in  soil. 
Indian  Med.  Gas.,  4l6. 

95*  Pasteur,  L,  I88I  Compt.  rend.  aoad.  Sol,,  gg,  209, 

96,  Patel,  M,K,  1929  Viability  of  certain  plant  pathogens  In 

the  soil.  Phytopathology,  1£,  295-300, 

97,  Patterson,  P,D,  1933  Studies  on  the  viability  of  Elmerla 

tenella  In  soil,  Cornell  Vet,,  gg,  232-249, 

98,  Payne,  P,K,  1922  Investigations  on  the  control  of  hookworm 

disease.  XI,  Vertical  migration  of  Infective  hookworm  lar- 
vae In  the  soil.  Am.  J.  Hyg,,  g,  254-263. 

99,  Pfuhl,  E,  1902  Verglelchende  Untersuchungen  fiber  die  Halt- 

barkelt  der  Ruhr  baelllen  und  der  Typhus  baclllen  auberhalt 
des  mensohllohen  KSrpers,  Z.  Hyg,  Infektlonskrankh. , 40. 
555-566, 

100,  Pramer,  D,,  and  Heukeleklan,  H,  1950  The  survival  of  tuber- 

ele  bacilli  in  sewage  treatment  processes.  Sewage  and  In- 
duct. Wastes,  22,  1123-1125. 

101.  Prevltero,  A,  1^5  Sulla  varlazlone  dell  •Escherichia  coll 

nel  terreno,  Attl  R,  Accad,  Plslocrlt.  Siena,  Ses.  Med,- 
P1 8,,  12,  57,  118-123. 

102,  Remllngen,  P, , and  Nourl,  0,  1909  Les  microbes  pathogenes 

du  sol  peuvent-lls  penetrer  a I'lnterleur  des  vegetaux. 

103.  Rhlnes,  C,  1935  Persistence  of  avian  tubercle  bacilli  in 

sell  and  In  association  with  soil  microorganisms,  J.  Bact.. 
2£,  299-311. 


Robertson,  J»  1696  Soil  as  a factor  In  the  spread  of  cer- 
tain diseases.  Brit.  Med.  J.,  1,  14.21 -I4.2I4.. 

105.  Robertson,  J.  1696  Notes  on  an  experimental  Investigation 

Into  the  growth  of  B,  typhoaus  In  soil.  Brit,  Mod.  J,,  1, 

• 69“71 • 

106.  Rossi,  0.  1931  New  acquisitions  In  general  bacteriology 

derived  from  baeterl elegy  of  soil,  Ann,  d*lg,,  233- 
252. 

107.  Rubenohlk,  L,I.,  and  Khaim,  S,Z,  193^  The  survival  of  es- 

tuary mud  microbes,  Mleroblelegy,  660-666. 

108.  Rubentsohlk,  L, , Rolson,  M,B, , and  Bleljamsky,  E,M.  1936 

Adsorption  of  bacteria  In  Salt  Lakes,  J.  Bact,,  32,  11- 

31. 

109.  Rudolfs,  V.,  Falk,  L, , and  Ragotzkle,  R,  19^0  Literature 

review  on  the  ecourrence  and  survival  of  enteric,  patho- 
genic, and  related  organisms  In  soil,  water,  sewage  and 
sludges  and  on  vegetation.  I.  Bacterial  and  virus  dis- 
eases. Sewage  and  Indust.  Wastes,  22,  1261-1281. 

110.  Rudolfs,  W.L.,  Falk,  L.,  and  Ragotzkle,  R.A,  1950  Litera- 

ture review  on  the  eceurrenoe  and  survival  of  enterle, 
pathogenic,  and  related  organisms  In  soil,  water,  sewage, 
and  sludges  and  on  vegetation.  II.  Animal  parasites. 
Sewage  and  Indust.  Wastes,  2g,  l4l7-li4-27. 

111.  Rudolfs,  W.,  Falk,  L.L.,  and  Ifagotzkle,  R.A.  1951  Contam- 

ination of  vegetables  grown  In  polluted  sell.  Sewage  and 
Indust.  Wastes,  23t  253-268. 

112.  Rudolfs,  W, , Falk,  L, , and  Ragotzkle,  R.  1951  Contaminat- 

ion of  vegetables  grown  In  polluted  soil.  IV.  Bacterial 
decontamination.  Sewage  and  Indust.  Wastes,  23,  739-751. 
113«  Rullmann,  W.  1901  Ueber  elnen  In  Erde  und  Fehlboden  Uor- 
kommenden  sporenblldenden  Bacillus.  Centr.  Bakt.  Parasl- 
tenk.,  I,  Abt.,  969-972. 

Il4«  Rullmann,  W.  1901  Uber  das  Verhalten  des  Erdboden  elnge- 
slten  Typhus  bacillus.  Centr.  Bakt,,  I,  Abt.  (Orlg.), 

^ ia,  321-335. 

Il5a  Sanyal,  S.N.  1914-1  The  role  of  the  soil  In  Its  relation  to 
the  microorganisms  causing  animal  diseases.  Calcutta  Med, 
J.,  i8,  305-308. 

116.  Savage,  N.I.  1903-190U.  J.  Sanlt.  Inst.,  I4I4.2. 

117.  Savage,  W.O.  1905  Bacteriological  examination  of  tidal 

mud  as  an  Index  of  pollution  of  the  river,  J,  Hyg,, 

Il^6— 17!^. 

118.  Sohalk,  A.F,  1928  Results  of  some  avian  tuberculosis  stu- 

dies. J.  Am.  Vet.  Med.  Assoc.,  J2,  8^2-864. 

119.  Sedgwick,  W.T.,  and  Winslow,  C.E.A,  1902  Mem.  Am.  Acad, 

Arts  and  Scl.,  12,  5o8, 

120*  Sharp,  0.  I696  THe  soil  In  relation  to  diphtheria  and  Its 

organism.  Brit.  Med.  J.,  2,  442-1444. 

121.  Slrena,  S.,  and  Scagllosl,  07  1694  Rlforma  Med.,  2,  340. 

122,  Slrena,  S,,  and  Scagllosl,  0,  1895  Durata  In  vita  del  ba- 

olllo  del  carboncalo  nel  terreno  nell'  Aequapotablle,  in 

Juella  dl  mare  e nel  raateriale  dl  fogna,  Centr,  Bakt., 
bt.  I,  12,  318-319. 

123.  Skinner,  C.E. , and  Murray,  T.J.  1926  The  viability  of  B. 
cell  and  B.  aeregenes  In  soil.  J.  Infeetloua  DlHsimenT 

37-41. 


124. 


r 


125. 

126. 

127* 

128* 


129* 

130* 


131. 

132. 


133. 


134. 

335. 

136* 


137* 

138* 


139. 


i4o. 

i4i* 

142* 

143. 


Slack,  H*D*  1937  Notes  on  the  viability  of  Bacillus  sal- 
inonlolda  Emmerich  and  Welbel.  Ann*  Appl.  Biol.,  24, 
665-61;^, 

Smith,  L.  1903  Report  on  the  occurrence  of  typhoid  fever 
In  Belfast*  Mair,  W.  190fi  J.  Hyg*,  8,  37. 

Smith,.  J»L*  1904  An  Investigation  Into  the  conditions  ef- 
fecting the  occurrence  of  typhoid  fever  In  Belfast*  J* 

Hyg*,.  L 407-433. 

Solowey,  M, , Solotorovsky,  M.,  and  Buehblnder,  L*  1942 
Vll,  Further  obsei^vatlons  on  the  survival  rates  of  stre- 
ptococci and  pneumococci  In  daylight  end  darkness*  J* 

Bact.,  y,  545-555* 

Stelnhaua,  E»  A»,  and  Kohls,  0*M»  1945  Tularemia  In  berv- 

ers  and  muskrats  and  the  contamination  of  natural  water 
and  mud  with  Paateurella  tularenals  In  the  northv»e stern 
United  StatesT  J.  Bact*,  45.  5&-<>7. 

Tanner,  P*  W*  1944  The  microbiology  of  foods.  Oarrard 
Press,  Champaign,  111.,  2nd  Ed* 

Uffelmann,  J,  1894  Verauch  €ber  die  Wide rs tend sffih< gkelt 
der  Typhuabaelllen  gegan  Troeknung  und  tiber  die  MSgllch- 
kelt  Ihrer  Verschleppung  durch  die  Luft,  <^entr.  B'^kt*  I 
Abt*  (Orlg*),  l£,  133-140* 

Vandecaveye,  S*C*  1927  Effect  of  moisture,  temperature, 
end  other  climatic  eondltlona  on  R*  Lepumlnosarum  in  the 
soil.  Soil  Science,  23,  355-362.“ 

Vandecaveye,  S.C*,  and  Anderson,  S.  1934  Longevity  of 
Asotobacter  In  soils  treated  with  lime  and  superphosphate, 
J*  Am,  Soe,  Agron,  353-364. 

Vincent,  J.H, , and  Iluratct,  L.M,  1917  Lea  dysenteries, 
lea  cholera  Aslatlq\je,  le  typhus  exonthematlzue*  Masson 
et  Cie,  Paris. 

Waksman,  S*A*  1927  Soil  microbe*  Scl*  Monthly,.  40-45. 

Waksman,  S*A*  1940  Soil  Microbiology,  Ann  Rev.  Slochem, , 

9,  509-52P* 

Waksman,  S*A.,  and  Woodruff,  H.B*  1940  Survival  of  bacter- 
ia added  to  soil  and  the  resultant  nodlf loption  to  soil 
population*  Soil  Scl,,  50.  421-427. 

Wencke,  N.I*  1900  Berlin  Arch.  Thlorhellk,  327. 

Williams,  R.S.,  and  Hoy,  W.A*  1930  Viability  of  B>  tuber- 
culosis (Bovlnlus)  on  pasture  land.  In  stored  fe'ces,  and 
In  liquid  mamxre,  J,  Hyg,,  30,  413-419. 

Winfield,  O.P.,  and  Chin,  T.  1^39  Studies  on  the  control 
of  fecal-borne  dlaeaaos  in  North  Chinn,  Vlll*  The  epi- 
demiology of  the  parasitic  amoebae,  Chinese  Med,  J.,  .^6* 

265, 

Wlnelow,  C*E*A*,  and  Abramson,  P*  1911-1912*  The  effect  of 
drying  upon  the  viability  of  bacteria . Proo,  Soc*  Exp, 
Biol,  and  Med,,  9,  107. 

Winter,  C.E. , and  Sandholzer,  L.A,  1946  Studies  of  the 
fecal  streptococci*  l*  The  Isolation  of  enterococci  fr- 
om natural  sources.  Pish*  Leaflet,  201,  1-6, 

Yoshlda,  S.  1920  On  the  resistance  o7“ascDrls  eggs*  J* 
Parasltoli.,  6,  132-139* 

Young,  C.C,,  and  Greenfield,  M*  1923  Observations  on  via- 
bility of  B^  Coll  group  under  natural  and  artificial  con- 
ditions. Sn.^T^Pub*  Health,  y,  270-273* 


Zinsser,  H*,  and  Bayne-Jones,  S*  1939  Textbook  of  Bacteri- 
ology, Bth  Ed,,  Apple ton-Century,  Now  York, 

14^9,  ZbBell,.  C»E»  H942  Hloroorganlsma  In  marine  air*  Aerobio- 
logy, No*  17„  ^5-68* 

146,  ZoBell,  C*E»,  and  Conn,  J*E*  1940  Studies  on  the  thermal 
sensitivity  of  marine  bacteria,  J*  Bact.,.  1^0,.  223-236* 


Roforencea  (SoilJ  Addendm 


la*  Briscoe,  Li,P*  191^?  Pate  of  tubercle  bncllll  outside  the 
animal  body*  111*  A®p*  Exp*  St  a*  Bull*,  No*  l6l, 

2a*  Burbxiry,  Y*M.  1928  Survival  of  the  foot-and-mouth  dlseasa 
virus  Outside  the  body*  Arm*  Appl.  Biol,,  1^  139-142, 

3a.  Pelsen,  J,  19i^5  Dysentery  , colitis,  and  enteritis, 

VT,B*  Saunders  Co,,  Philadelphia, 

4a,  Oaltler,  V*  188?  Dangers  des  motleres  tuberculeuses  qul 

ont  subi  la  desalcatlon  le  contact  prolongs  de  L’eau  etc, 
Compt,  Rend,  de  Acad,  de  Scl*,  10$  . 231, 

5a*  Lipman,  C,B,  1931  Living  microor ga^sios  in  ancient  rock, 

J.  Bact.,  22^,  183-198. 

8a,  Noguchi,  H,  1918  Survival  of  Leptospira  icterohaemorrhaglae 
In  nature *■  mlcrochemical  rencl^ions  and  Intermsdiar'y  hosts* 
J,  Exp*  Med,,  27,  609, 

7a.  Parker,  R.R*,  SteTnhaus,  E.A.,  Kohls,  Glen  1943  Tularemia 
In  beavers  and  muskrats  and  the  contamination  of  natural 
waters  and  mud  by  Pasteurella  tularensis  in  the  north- 
western United  States.  J.  Bact*,  45,  ?6-57* 

'^a*  Ruys,  A.C*  1941  On  the  behavior  of  E*  typhl  in  surface 
water.  J*  Microbiol.  Serol.,  2»  91-l’^ot 
9a,  Topley,  K and  Wlls cn  ff,  1946  Principles  of  bacteriology 
and  litmunity.  The  w/llllams  and  Wilkins  Co,  , Baltimore, 


SUMMARY  OP  ABBREVIATIONS  USED  IN  TABLES 


•lk« 

avg, 

C, 

Col, 

cone. 

cont'd,  cent, 

ct» 

cult. 

d.,  ds.,  das. 

Dsssic. 

dil. 

F. 

fl. 

O.P. 

sel. 

h.j  hra. 

Inc. 

Inoe.,  Innoc, 
inrad, 

Lg. 

max. 

mad. 

net. 

nln. 

noa. 

mult. 

ofg. 

path. 

physiol. 

ppm. 

ppt. 

R.R. 

R.T. 

Raoov. 

rofrlg, 

see. 

senalt. 

soln.,  sol*n 

spp. 

str. 

susp.,  ausp'n 

T. B.,  tb 
tamp. 

U. V.,  U.V.,  UV 
wks. 

X 

jr.,  yrs. 

< 

/ 

0 


elkelina 

average 

Dopjroes  centigrade 
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pathogenic 
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Paetor(a) 

DUST  ^ 

B,  TTieKathor jum 

Evi nance,  of  tT’rn'sport  of* 
apores  during  duat' storm 


R.  nnthr«cis 

*”  Silk  threads,  spores 

" " 9 'non-spores i 

Dry  sterile  canvas,  room 
temp.,  diffuse  sunlight, 
dry  atm, .spohesV 
Dry  sterile  convas  in 
enxrelopea, spores. 

Wool,  Po  C,,  mat*!  shaken 
with  sev,  vol.  st,  salt 
sol.. 

Diseased  cow  blood  dried 
on  gauze,  diffuse  sun- 
light, spores, 

B,  spp. (aerobic) 

” BurlAP  strips,  200-280  P, 
*^-9  TTiin,s  spores. 

olaSS 

B.  anthracla 

“ Glass  ro<^9  37  C,, Flamed 
with  9??^  ale',,  10  sec., 

3 day  old  agar  culture; 

6 day  old  bowl,  cult,. 
Porcelain  dish,  12  cm. 

dla,,37  C.,  burned  with 
. alcohol  1 min,  3 day 
r agar  culture. 

Porcelain  saucer,  37  C., 
burned  with  sic.,  f day 
; cul'^,'i^re. 

^hffving  mug. 

Glass  slides,  blood,  slow 
ly  dried  in  moist  air  '^t 
n„T.,  stored  in  dry  air 
at  H.To  0 

• Glass  Slide,  dried,  56  C, 
100  C..  and  «0  C.. 


Survival 


Reference 


Viable  2 days 
33  days 


None  recovered 
None  recovered 


Two  years 

Survived  60-90  das. 


B.  anthracle 

” Paper-Slips,  spore Sj  sun- 
light. 

B,  subtilus 

"*  Paper-slips, sterile  in 
pebri  plates,  sunlight, 
spores. 



B,  anthracla 

” Match  l«>acl,  37  C.,  spores 
ale .>3  da.  cult. 


Pew  days 

8 hrs, 

8 hrs. 

Viable  2 das. 


Soule 


>20  hrs. 

Dead  in  few  hrs. 

Picker 

1898 

>10-22  1/2  yrs.’ 

1 

Graham 

1941 

Much  >. 34  yrs. 

n 

It 

30  minutes 

Mackie 

1934 

40  years 

McCulloch 

1945 

/ 

yielded  growth 

Jungherr 

1950 

Mayser 

1925 

Vincent 

Minett 


Thuim  1914 

Welnzlrl  19l4 


1922 

1950 


iMayeer 


1925 


ml 
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Ppctor(  f3 ) 


GENERAL  (CONT’D) 

Scores,  R„T,j,  Rry-f^iffuse 
dayllir:ht  „ 


Shaving  brushes,  8o  C, , 
Brass  wire,  F>  om.,  heated 
37  C.,  flamed  9?%  ale., 

3 day  old  agar  culture. 
Shaving  brushes 

• sub ti lug 

Catgut  sutures,  alcohol, 
toluol. 

Metal,  bullet  lodged  in 
flesh  of  soldier 
Pew  viable  one  present  on 
use  of  high  pressure 
Hand  telephones, 
Telephones  with  separate 
'receiver  and  tranamitter 


Survival 

Raferenc 

6 

50??,?rerminfited  in  a few 
mbs.;  Ini'fye  no,  of  re- 
maining ^0%  capable  of 
germination  for  10  years; 
All  dead  in  ?3  -yrs. 

Smith 

1930 

30  minutes 

Mackie 

193I|. 

Viable  9 days. 

Mayser 

1925 

7,3^  'contained  virulent 
anthrax  bacilli 

Symmers 

1921 

>17  days 

Hite 

1938 

>2  mos. 

Pulvertaft 

1929 

surfaces  after  cleaning 
steam. , 

Peabody 

1951 

93,79  ^ organisms 

Smeall 

1937 

92.59^ 

If 

If 
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..FaRtor(R) 

DUST 

B,  nielltensla 
~ Dry  dust  of  Malta 
Dry  sterile  d\jat 
Dust 

Favorable  conditions 
FABRICS 
B,  abortus 

Burlap  bag,  dried  in 
Burlap  sacking,  dried  in 
unheated  cellar 
B,  melitensls 


3.  suis 

Sacking 

B,  8PP. 

Wbol,  washed  with  water 
over  C., ’dried  at 
'‘'80 ‘Co  fiwii^a'ted  30  min, 

t ..  'aFlOg^im  Co. 

Alass 

B.  abortus 
” Glass,  dried  on 


Survival 


Reference 


days- 
?p  days 
days 
weeks 


? days 
30  days 
17  days 
4 weeks 


Horrocks 

n 

Kennedy 

Ban 


Anon. 


190^ 

1897 


Cameron  1932 


Kennedy  190^ 


1933 


Cherkasski!  1938 


1 

Survival  several  days  Cameron  1932 


TABLE  ■? 


TI!E  SURVIVAL  OP  CLOSTRIDIUM  SPECIES  ON  SURFACES 


Pactor(s) 

Survival 

FABRIC 

Cl  .^tetanl  - 

Bandages,  200  C.,  heated 

Recovered  0,  1 hr.% 

■ ' '*'ot  air  f^ven 
Silk  strips  spores  dried 

Still  viable,  3 1/2  moa. 

on,  light,  room  temp. 
Cl.  weichll 

Cotton-wool  swabs,  l6- 
2'^  C.,  plain  dry 

5-20  col.  at  24  hrs. 

plain  moist 

5-20  col,  at  B hrs. 

serum  dry 

20~50  col.  at  24  hrs. 

serum  moist 

20-^0  col,  at  24  hrs. 

Reference 


Murray 

1949 

Tizzonl 

1891 

Rubbo 

1951 

Semple 

1911 

n 

ft 

Sevltt 

1949 

Hite 

1938 

Cl.  totanl 

Stored  in  rubber-capped 
test  tube  In  cupboards, 
rusty  Tnetelsroom  terap,, 
Tetsnus  spores 


Tslcum  powder,  PO  lbs.  In 
autoclave 
Cl.  snoroaienes 

Cata;ut  sutures,  exposure 
to  both  alcohol  and 
toluol 


IP  years 


Remain  viabi®  f>t  the 
site  of  Inoculation  for 
! as  long  as  6 months 
Survived 


>17  days 


Tin?  SURVIVAL  OP  COLIPORM  SPECIES  ON  SURFACES 


i'"BrTOi'*  \ S’; 

Survival 

Reference 

FABRICS 

Escherichifi  coll 

Cotton -V 0 ol aw Fb  „ lf» - 3P  C , , 

plain,  dry 

No  growth  P hrs. 

Rubbo 

1951 

plain,  moist 

‘10-500  col.  at  ?4  hrs. 

t! 

aerijin,  dry 

20-50.col.  at  4P  brs. 

n 

M 

serum,  moist 

^0-200  col,  at  4^  hrs. 

ft 

Jt 

E»  coll (with  Ham.  strao. 

Sarc,  flava.  rnd  S.  aureus) 

blankets(47 ) .sucked  from, 

14,400-7,34^1,000  per 

Rountree 

1946 

on  -tii.N.T,  ward,  ' 

cu.  ft.  nlr. 

Klebsiella  pneumonlne 

Cottori“WOolswnb,l^-?P  C., 

nlnln,  dry 

No  growth  P hrs. 

Rnhbo 

1951 

plain,  moish 

'^O-^OO  col.  at  ^4  brs. 

n 

II 

serum,  dry 

no-^0  col  at  I4P  hrs. 

tt 

II 

serum,  moist 

50-200  col.  at  4P  hrs. 

tf 

ir 

CLASS 

E.  coli 

flip  S3  cover  slips,  air- 

Recovered  0 in  4 days 

Shattock 

1912 

dried,  dark;  vacuum, 

dried  at  -19^  C„. 

Ozone  to  sterilize  the  plr 

No  killing  or  Inhlbi- 

Gain 

1914 

in  small  roomu  temp.l^- 

tion  of  the  bacteria 

16,  humidity  60,cultvirea 

was  obtained 

exposed  and  dried  on 

pieces  of  glass  for  9 hrs 

Ground  glass 

Killed  in  10  min. 

Rebell 

1950 

Glass,  sunlight 

2 minutes 

Welnzlrl 

1907 

Glass,  37  C,,  Inoc,  at  30 

Recovered  0 at  l5  min. 

Bryan 

1933 

sec,  107,000 

E,  coH  communis  i 

1 

Desslcato^r,  i6«lP  C,, 

60  days 

Buckley 

1906 

Room  Temperature 

3'?. 5 c^ays 

ff 

tl 

Moist  chamber 

98  days 

PAPER 

E.  coli 

Filter  paper,  dipped  in 

Reoov,  0,1,10  and  25 

Weill czek 

1894 

culture,  dried  over  aul- 

col.  in  17  hrs. 

furlc  acid; 

dried  in  vacuum; 

Recov.  ?B,  45,  78,  and 

* ff 

II 

>1,000  col,  in  45  min. 

dried  in  air. 

0 recovered  in  I8  hrs. 

M 

If 

Filter  paper,  dried  from 

peptone  salt.,  '’4  br,  cuH 

hrs , 

Chick 

1900 

Filter  paper,  stool  dried 

45  days 

Bold  & 

1944 

on,  dark 

Ketterer 

Filter  paper,  watery  stoo! 

. 143  days 

n 

« 

Paper,  ?.8  C.,  dried 

77  days 

Kusema 

1925 

Paper,  sunlight 

Longer  if  in  clumps 

Welnzirl 

1907 

9-10  minutes 

- *f  . 


TABLE^  ( CONT  • D ) 


THE  SURVIVAL  OP  COLIPORM  SPECIES  ON  SURFACES 


f 


Pnctor(s) 

1 

Survival' 

Reference 

• 

PAPER(CONT*D) 

E.coll 

Filter  paper,  moist,  Inoe, 
251TWC0  at  30  sec. 

E,  coll  communla 

Paper,  dessicator, 16-18  C. 
Paper,  room  temperature  t 
^J4olst  chambers,  paper 
Colon-  aerogenee  app. 

\ 

i 149,000  in  15  minutes 

21  days 
7.^  days 
47.5  days 

Pryan.  1933 

Buckley  , 1906 

Hasting*  1923 

to  to 

Appling  1945 

Filter  papei , 24  hr.  agar 
cult.\,  dry  incubator  at 

37  0.. 

Paper  Inl'ected  ''■■'1th  milk 
cultures 
General 

Conform  group  doatroyed  1, 
paper  production 

31  days 
96  days 

n drying  process  of 

PLASTER 

E.  coll  C'Dimirani fl 
” Dessicator  iS^lB  C., 
Room  temperature 
Moist  chamber 

84 . ^ d ays 
84  days 
168  days 

Buckley  1906 

UTENSILS 

Colon-eerogenes  spn. 

Kitchen  utensils ,91-100  C5 

Effective  in  destroying 

Sellers  1944' 

Kitchen  utensils ,4l-6o  C, 

colon-serogenes  group 
41  colonies 

\ • ■ 

ft  ft 

colony  count  at  48  hrs. 

19  colonies 

ft 

Kitchen  utensilS,  6I-80  C, 

colony  count  at  48  hrs. 

WOO? 


E.  coli 

""  Stumps  a fees  a on,  bliz- 
zard,, Inoo  .53^?000/'gm. ; 
Spring,  Inoc.llsBOO/gm. 
Warm  season, 

Winter,  pure  cult,,  ino 
3''^ 3, 000/  gm, 

3o7,000/  gm 
Spring,  pure  culture 

E.  coll  communla 

De  3 si  cat  or,  lo-lR  C, 
Cotton  vood 
Lime  wood 
Pine  wood 
Room. temperature 
Cotton  wood 
Line  wood 
Pine  wood 
Moist  chamber 
Cotton  wood 
Lime  wood 
Pine  wood 


)C  J 


0 recovered  In  18  days 

0 recovered,  1^3  days 
172  days 

0 recovered,  ^2  days 
0 recovered,  9 days 
228  days 


Tonney 


n 

I 


1931 


II 

w 

n 


'I 


9 days 
days 
22  days 


Buckley 


1906 


64  days 
Bo  days 
l4  days 

^3  days ' 

168  Hays 

78  days 


TABLE 


(COTTT’D) 


THIS  SURVIVAL  OP  COLIPORM  SPECIES  ON  SURFACES 


Paotor(s) 

Survival 

1 

Refe  rence 

WOOD(CONT‘D) 

Aerobacter  aeroKenos 

Stumps,  pure  culture  on, 
Wlntor,  inoc,  70H,000/gm. 

4^6  jOOO/gm. 
Spring,  pure  culture 

0 roo'overed,  22  days 
0 recovered,  9 days 
'’28  davfl 

Tonney  1931 

ff  ft 

It  n 

General 

E.  coli 

Ultra-violet,  lo».»  humidity 

Ultro“Vlolet5  4?’‘/“ 

Doorlrnob,  brass 

Doorknob,  T.fhito  bronze 
Stuffing  boxso  of  pumpa , 
lub.  grease 

’7f,tQr  filter,  f=ftor  ’-’rtor 
stopped 

Conti  nous  flltfi" 

Action  of  metal  iialta, 

:gold  colloids,  ferric 
chloride,  silver  nltrnte, 
zinc  chloride  and  others 
at  varying  dilutions 

1 

• 

Bactericidal  action  is 
greatest. 

Almost  10  times  as 
lethal  as  at  90^  R.H. 
Rocov.  positive,  12  hrs 
Recov.  0,  24  hrs. 

Recov,.  positive,  4^  hrs. 
Ahundrnco  of  groi*th 

^4-3^’  hrs, 

4-6  days 

1 

Elford  19i|2 

ft  tt 

Prank  1943 

(t  n 

Prantsov  1935 

Gage  1903 

II  II 

Tanaka  1931 

! 

TABLE  -j 


THE  SURVIVAL  OP  CORYNEBACTERIUM  SPECIES  ON  SURFACES 


DUST 


Pactor(s ) 


Survival 


Reference 


C .Vdinhtherl  ne 

Brick  dust,  37  C.g,  bacilli 
culture  j, 


Kept  full  virulence  dur- 
ing drying  up  period  un- 


Oermano 


1897 


air  dried, 

dried  with  sulfuric  acid 
diphtheriao  grovia 
Present  in  dust 
Dust,  recov^’lth  ijnlm- 
p a i r e ‘.aI  6^i"lfc  ty 
Savdust,  ml tiUs, gravis,  and 
intermedius  recov,  with 
• unimpaired  toxicity 
Occurrence  in  air  and  dust 
FABRICS 

C,  dlphtheriae 


til  death, 
^104  col., 
17R0  col., 

175  days 
175  days 

<1  day 


1?  days  " " 

1'-^  days 

Laurell  1949 
Ouehterlony 

1949 

n » 


Trevelyan  1098 


sm^dM'ed..  on,  R,T. 

Silk,  dried  on,  dark. 

Cloth,  old  dried  out  cult. 

Silk  thread, -33  1/R  to  / 

1?  1/3  C.,  3^4  da. old 
culture .Strain  I; 

Control,  R.T.,,  Strain  I. 

Silk  thread,  strain  II: 
control 

Silk  thread,  strain  III;; 
control 

Cloth,  gravis  strain,  R.T. 
dried 

Ltnen--m1  tj|  s cotton-- 
gravis  and  inter.  ^ vtooI  — 
grayia  and  inter. . 

Dry  towelling 

Cotton-T-rool  sv»ab.,  16.-33  C, 
gravis,  plain  dry 

plain  moist 
serum  dry 
serum  moist 

Cotton  S’-rab,  sterile, 37  C, 
1 loop  34  hr,  cult,  t-'lth 
sterile  horse  serum; 
trlthour'"horse  serum; 

Cotton  plugs(40),  R.T.,  in 
dark,  placed  on  horse 
serum  agar 

Linen 

Cotton 

Wool  I 

Occurrence  on  clothes.  i 


3-14  ’’©eks 

Still  alive  109  days 
3-3i^2  mos. 

Recovered  no  growth  in 
60  days 

No  growth  74  days 
No  gro”th  61  days 
No  growth  06  days 
No  growth  6l  days 
No  growth  06  days 
Rocovorod  mostly  with 
unimpaired  toxicity 

> 145  days 

Recovered  mostly  with 
unjfeaired  toxicity 
9ft  days 

Alive  at  end  of  48  hrs, 

5”30  col.  at  4^'  hrs, 
5-30  col,  at  0 hrs, 
50-^00  col.  at  4^^  hrs. 
50-300  col,  et  48  hrs. 


Still  alive  at  34  hrs. 
Most  dead  at  1 hr, 

7 plugs  were  negative 
33  plugs  positive  in  34 
hrs . 

15  days 
1.5  days 
^5  days 


Abel  1893 

II  It 

Abel  1895 

« It 

II  II 

Ouehterlony 

1949 

If  n 

Pease  1930 

Rubbo  1951 

" It 


Van  Heim-  1934 

-,sdrjk 

j 

It  II  II 


Lomry  1929 

If  If 

Trevelyan  I898 


I 

TABLgy<4<  s^(COTJT«D)  THE  SURVIVAL  OP  CORYNEBACTERIUM  SPECIES  ON  SURFACES 


i 

Factor( s) 

Survival 

Refe renee 

GLASS 

C,  dlDhtheriae 
Desslcator  16«.1H 
Room  temparetureg 
Moist  rhambers  o 
Petri  dishes g empty, steriL 
floT. 

Glass,  dried,  virulent 
strain  1-billlon/nc , 37  C. 
Glass,  Intermedlus  strain 

Slides,  sterile,  37  C, 
Glass,  sunlight 

60  days 
•?4  <^eys 
*^1,^  days 
j-?4-40  hrs, 

1 

37  days 

Recovered  mostly  with 
unimpaired  toxicity 
> 9«  days 
3 days 
■7  min. 

Huckley  1906 

Klrsteln  1902 

Ross  1945 

Ouchterlony 

1949 

Te  ague 
Welns  < 

PAPER 

C,  diphtheriae 

Desslcator  Ib-IH  C,, 
room  temperature , , 
A moist  chambers 

Ir  Paper,  Rravis  strain 

Paper,  sunlight 

71  days 
6 days 
15  days 

Recovered  mostly  with 
unimpaired  toxicity  159 
days 

Longer  if  In  cltunps, 
2“10  minutes 

^uekley  1906 
t*  n 

Ouchterlony 

1949 

Welnzlrl  1907 

PLASTER 

C„  diphtheria© 

Desslcator  16  IH  C, 
Hoorn  temperature 
Moist  chambers 

73  days 
37.5  days 
75  ^ays 

Buckley  1906 

UTfeltSILS 

0,  diphtheria© 

a » t «»/STT> 

06  days 

WOOD 

C.  diphtheriae 
Oak 
Beech 
Resins 

Dessinatlon,  16-10  C. 
Cotton  ’-'ood 
Lime  wood 
Pine  wood 
Hoorn  temperature 
Cotton  Mood 
Lime  wood 
Pine  wood 
Moist  chamber 
Cotton  wood 
Lime  v/ood 
^ Pine  wood 

0 days 
8 days 
0 days 

00,5  days 
77  days 
20  days 

'’4  days 
4l  days 
0.5  days 

17.5  days 
75  days 
7 days 

Lomry  1929 

Buckley  1906 

« ti 

H n 

1 

C.  ~spp . 

Hand  telephones 
Telephone  with  separate 

l4o50  % diphtheroids 

Smeall  1937 

receiver  5 trensraitter  11,10  % diphtheroids 


TABLE^  ^ THE  SURVIVAL  OP  DIPLOCOCCUS 

PNEUMONIAE  ON  SURFACES 


Pector(fl) 

Survival 

Reference 

DUST 

Dried  cultures  nixed  with 
sterile  dust; 
at  0 C. 

2 days 
8 days 

Germane  1897 

FABRICS 

, 

Type  I( smooth 

Dried  rabbit  blood  on 

Stillman  1940 

gauze,  dark 

?.  mos . 

UO  F, , Ice  box,  dark 

9 mos. 

Typ  I (rough 

Oauze,  Bo  P,, daylight 

Viable  10  mos. 

If  If 

Gauze,  Bo  F.,  dark 

Viable  1E>  mos. 

GfiUze,  i|.0  F,  j dark 

9 mos. 

Type  II (smooth 

Gpuze;  rabbit  blood  dried. 

Bo  F.,  daylight  end  dark 

2 mos. 

!1  It 

40  F.,  In  Icebox,  dark 

1?  mos. 

Type  II (rough 

Gauze,  BO  F,  daylight 

9 mos. 

dark 

13  mos.  j 

GflUze,  icebox,  40  F,  dark 

8 mos. 

Dry  towelling,  Including 

Alive  at  end  of  ?4 

Pease  1930 

turkiah  towel 

Type  III (smooth 

Gauze,  daylight,  80'P. 

9 mos,  , 

Stillman  1940 

Gaxize,  dark,  BO  F, 

11  IQOB, 

Gpuze,  4G  F,  Icobox,  dark 

12  mos. 

Type  III( rough 

Gauze,  80  P,,  daylight 

7 mos. 

Gauze,  80  F, , dark 

9 mos. 

Gauzej,  icebox,  40  P,  dark 

9 mos. 

Type  III 

Cotton  wool  Bweb,  plain 

dry 

col,  at  8 hr 8, 

Rubbo,  1951 

plain,  moist 

col,  at  8 hr». 

serum,  dry 

5-20  col,  at  48  hrs. 

• 

serum,  moist 

20-5o  col,  at  24  hrs. 

Pneumococci  life  slightly  Ic 

nger  on  cloth  than  on 

Wood  1905 

non-absorbing  surfaces 

GLASS 

Type  I (smooth 

Glass,  dried  rabbit  bloodj 

80  P, daylight 

1 mo. 

Stillman  ► 1940 

40  P,  Icebox,  dark 

12  mos. 

T'^r.  Tf rough 

Glass,  Bo  F,, daylight 

Viable  10  mos. 

ft  ft 

dark 

11  mos. 

Gle  ss,  40  P,  dark 

15  mos  • 

Type  II (smooth 

Glass,  dried  rabbit  bloody 

BO  P.,  daylight  end  dark 

2 mos. 

IfO  P,  , dark 

12  nos. 

I*  . ^ 


TABLE  (CONT»D)  THE  SURVIVAL  OP  DIPLOCOCCUS 

PNEUMONIAE  ON-  SURFACES 


Pactor(8) 


Survival 


Reference 


GLASS 

Type  II (rough 

Glass,  80  P» , daylight 
dark 

40  Po , dark 

Type  III (smooth 

Glass,  dried  rabbit  blood. 
Ho  Po,  daylight 
80  Pop  dark 
4.0  Fo , dark 

Type  III (rough 
60  Pop  daylight 
80  Pop  dark 
4-0  Fo,  dark 

Blploeoceua'--at  this  age  no 
knovm  difference  between 
menlngooocci  and  pneumo- 
cocci. Dried  rabbit  blood 
on  thatch  glass 


3 mos. 
9 raoa. 
9 mos. 


^ mos. 
7 mos. 
13  mos, 

0 mos. 

1 mo. 

7 mos. 


Stillman 


Stillman 


194-0 


1940 


Poa^ 


1H88 


>45  days 


TABLE  '1 


THE  SURVIVAL  OP  MICROCOCCUS 
SPECIES  ON  SURFACES 


Pactor>(s) 

Survival 

Reference 

FABRICS 

M.  pyogenes 

• 

19?0 

Burlep  strips 

14  days--test  negative 

Jungherr 

Garments „ dried  on,  liquid 

Several  mos.,  no  change 

Paul 

1907 

air 

in  resistance 

M.  nyopienes  var,  aureus 

Cotton-wool  swab,  plain 

dry  5 

20-?0  cols,  at  4^  hrs . 

Rubbo 

19?1 

plain,  moist; 

?0-?0  cols,  at  ”’4  hrs. 

serum,  dry; 

?0-200  cols,  at  4^  hrs. 

serum,  moist . 

?0-?00  cols,  at  4®  brs. 

Handkerchief,  nasal  secre- 
tions, dried 
Handkerchief,  sterile, 

^1  mo. 

Duguld 

fl 

1948 

ff 

dark,  RoTo,  single  nose 
blow 

1 mo. 

. Handkerchiefs,  disinfected 

vdth  various  % of  various 

disinfectantv  , inoc, 
with  orgo,  remained  over- 

3.0:^  to  39  % survivors 

1949 

night  at  70  P.,  cultured 
Cotton  squares,  treated  as 

Dumbell 

above,  wider  range  of 

Cf,2^  to  100^  survivors 

cone,  of  JlsinfectentB 
Blankets (47),  ENT  w^rd. 

II' 

It 

hemolytic  strep.,  Sere, 
flava,  E.coli,  Staoh  eur. 

14 ,400-7 , 344 1 000/cu .ft. 

Rountree 

1946 

of  air. 

M.  pyogenes  var.  albus 

V/oolen  serge,  aqueous  susp 
0.44  nnm.  zone,  R„H.  70^, 
20  C , exposed  90  min. 

545^  killed 

Elford 

It 

1942 

Woolen  serge;  soriam  broth. 

Nil 

ff 

O.^ppm.  zone,  R„H.  70^>, 
?1  C.o  exposed  30  min. 

GLASS 

M.  pyogenes  var.  aureus 
Glass,  'deffslcator^6-18  .C, 
Glass,  room  air  ^ 

90  days 
?3  days 

Buckley 

1906 

Glass,  moist  chamber 
Petri  dishes,  empty, steril 

74  days 
8-10  days 

Kirstein 

1902 

R.T.. 

Glass  cover  slips,  dried- 

4-1?  weeks 

Shattock 

191? 

at  -19?  Co,  kept  in  vacu- 
um 

Glass  cover  slips,  air 

16-2'J  days,  deed  on  40 

ft 

n 

dried 

Glass  slides,  dried 

Few  days 

fhurn 

1914 

Glass,  .37  Co,  innoc  225, 

Recovered  97,000,  l5  min 

Bryan 

1933 

000  0 

TABLE ')  THE  SURVIVAL  OP  MICROCOCCUS 

SPECIES  ON  SURFACES 


Pactor(s) 

Sm*vival 

Reference 

GLASS (CONT»D) 

M*  pyoRenoa  var,  nureus 
Sterile  diahesp  put  Into 

Ward 

1937 

machine  with  aoiled  dlsha 
0.3^  celgonite 
% aterlle  after  wash 
% sterile  after  1st  rinse 

1 

10  i 
1^  ? 

n 

n 

% sterile  after  rinse 

32  i 

Average,  no.  of  bacteria/ 
dish  renialnJng  oontcml- 

0 

natod  after  waah 

aftei  1st  rinse 

14 

4 

n 

ft 

after  2nd  rinse 

6 

Max',  no.  of  beet, /dish 
remaining  contaminated 

vr  fl  * h 

14 

N 

n 

1st  rinse 
2nd  rinse 

Soiled  dlahesj  % sterile 
after  vrash  in  machine 

i 

10%  ^ 

n 

tt 

after  lat  rinse 
after  2nd  rinse 
Glass,,  20  and  9-12  0,, 

16-30  % 

12-28  % 

Recovered  almost  100^ 

Lehmann 

1931 

inoc,  300„000/o.lcc  In  a 
2k  hr.  cult.,  derk 
M.  pyogen'^'a  vrr.  albus 
Gles'  nuueo\is  susp'n, 
0,44  ppf>i  ozone  ,.'4 H.  70^, 
20  C.,  exposed  90  min. 
Glass,  serum  hrr^b  R.H, 

In  48  hrs, 

> 99^  killed 

El ford 

1942 

Nil 

n 

n 

70%p  0,?P''r  02  on« , 71  C., 
exposed  30  m1n. 

OlflSS  t;Af'OSOd  tO 

No  killing  or  Inhlbl- 

Gain-  • 

1914 

ozone,  1|:>'-16  C,  R.H.  60^, 

tion  pf  the  bacteria 

Valerio 

Lrled  f^r  9,4,9  hrs, 

M.  pyoRenes (Gen’ 1 ) 

Slides,  sterile,  37  C,, 

was  obtelned 
Recovered  41  col,,  in 

Teague 

1913 

Innoc,  Innumberphle  cols, 
Glass,  direct  sunlight 

7 days 

60-90-mlnutos 

Welnzirl 

1907 

Glass,  direct  sunlight 

10  min. 

Welnzlrl 

1907 

papeB  ^ 

M.  pvogeneft  var,  aureus 
Paper,  dessloetor,  16-lMC 

66  days 

Buckley 

1906 

Paper,  room  air 
Paper,  moist  chamber 
Filter  paper,  test  org. 

70  days 
9l  days 

Survived  longer  on 

Hellot  . 

1948 

Paper,  surface,  aga'  • 
plates,  inoc,  IHOOj 

skin  than  on  filter 
peper 

Recovered  400,  3 min. 

Norton 

1932 

inoc,  900. 

Recovered  .46  , 3 min. 

« 

n 

Filter  paper,  moist ,37  C. 
inoc.  173,000 

Reoovored  170,000 

Bryan 

1933 

19  min. 

TM-:  ;;irRvivAr,  of  mjC/?ococcus 
ON  S'iRFACWS 


HAnhts^'7  (com'' O' 


FflOtC'X  ( H ) 

Sur-vlvol 

Refeieijco 

1 

P/PER(CONT»D) 

! M,  pyoKcnea  var„  albua 
Pi.lt»r>  pepei^r  flquootia 
^ ,,^usp‘n.  O.I4.4.  ppm  ozonop 

R.H.  70^y  RO  C.,,  expo?fn<i 
90  min. 

1 

86%  killed 

El ford 

1943 

Pi  Iter  paper  . serum  broth 
0 c :>  ppm . oz  on  e ^ R . R . 7 0%  . 
R1  C,f  exposed  30  inln 
M,.  DVop>:eno3 

Paper,  snnli^rht 

1 

1 

1 

Nil 

71  hr  i\ . 

1 

1 

n 

V/olnzl)-l 

If 

.1902 

■pLAB#H 

M,  p^roKanes  var.  an.ifiuj 
Plaster,  do asi  oaT-or  ,,  l6-v 
Ifl  C,;‘ 

1 

1 

100  days 

Buckley 

1906 

room  n i r , 
moist  ohrnbor. 

iOG  days 
3P  days 

nun EUR 

in*  nvoPiones 

” iiubber  3'nof^r^.  varip  'r  ron  • 
tpinlnm  err,  , | 

poa»5d  7 mimUft'i, 

807  oashfjd  off 

Burtenshaw 

193'’ 

Rubbei  siitMTo.  .mon'v.  of 
2^68  orp; exposed  ■>,' 
minntos. 

Rubber'  abort,  juap'n  of 
3459. P or^i,  , oxivoaod  6 

’ -'ashed  off 
9"’3.4  waaben  off 

tt 

I( 

minutes. 

Rubber  sheet,  suan'n  of  j 
34'^9,R  orfr.j,  rtXTJOsed  9R  | 

197.4  washed  off 

If 

min . 

OTUNSILS 

enr'o rif> 

Ol8?!ed  porrelf  iJi  di,3h;;sc, 
oold  t.'ntor  '''Ithout  rorurn 

> 

34  colonioa-  -!  m' , 

Blumonberg 

i9:'v 

•h'iih  aoi'um 

Ungiev.od  n j'iinfl”’nra , 3?  C,, 

rinsed  :i  u 'Trii  floi-ing 

a ter , vi  th  i uri) 

198  " " -3  hr  3. 

79 j 000  colonlea'  -i?  hra, 
9l4  rolonies-'l  hr. 
3,.9oo  col.  ‘-3  brs , 

1 00 , 000  nol . hrs  . 

1.  "’OO  cols.  -1  hr. 

It 

If 

'■fj.  In  out  3'"'i'iuri 

79.000  ools,-  -3  bra. 

>1  Million  cols  - ■ 4 hrs. 
9l  cull;'.  .-•■1  hr. 

640  rols.-'O  hr. 

rt 

u 

G1  H'7 0 d 0 h 1 n n , ’-'it  hou b 
rr-rrum 

> 300' f 000  coin--  0 hrs. 
6 ..’.ols,  --1  hr. 

44  '’ola,  -3  hr, 
liOOO  cols.--  9 hr 3. 

TABLE  7(C0NT<D)  THE  SURVIVAL  OF  MICROCOCCUS 

SPECIES  ON  SURFACES 


Pector(a) 

Survival 

Reference 

UTEMSILS(CONT»D) 

M.  DVOKenea  varo  aureus 
Glazed  ohina^  rinsed  vlth 

78  cols.--  1 hr. 

Blumenberg 

1937 

warm  flo*Aring  wator^,37  C. 
with  serum 

Glazed  chinas  rinsed  in 
warm  flowing  soda 

sol'n,  without  serum;' 
with  aerxxm 

820  cols. — 3 hrs. 
38,000  cols.--  5 hrs, 
2 cols. — “1  hr. 

n 

11 

12  cols.— >3  hrs. 
311  cols. -••5  hrs. 

13  eols.--l  hr. 

If 

Unglazed  china. o rinsed  in 
warm  flowing  % soda 

90  cols. --3  hrs.  ' 

1640  cols, --5  hrs. 

1090  cols,--l  hr. 

n 

" 1 

Bol’ts  37  C„  with  serum 
wlthoxit  serum 

3200  cols.  — 3 hrs. 
7<300,000  cols, -'5  hrs. 
10  C0IS.--I  hr. 

H 

n 

Knife  blade,  60^80  P« 

176  cols.--  3 hrs. 
16,600  cols. --5  hrs. 

12  wks.  & 2 das. (66  da) 

Ecklund 

1932 

Pood  utanaiisp  large  ool- 
lootioru  washed 

3-12  ^ recovery 

Hutchinson 

WOOD 

Mb  oyogenea  var„  aureus 
Deasicotorj,  16-lS  C„ 
lime  wood 

la^fdapii 

Buckley 

1906 

pine  wood 
cotton  wood 

Room  air  1 

lime  wood 

64  days 
130  days 

126  days 

TI 

pine  vrood 
cotton  wood 
Hoist  chamber 
lime  wood 

39  days 
122  days 

100  days 

1 

n 

W 

pine  wood 
cotton  wood 

35  days 
38  days 

GENERAL 

Mo  p.yogenea  „vpr<,  aureus 
Tinfoil.,  susp'n  contain- 
ing 2568  orgSo  exposed 
11  minj 

973.4  washed  off 

Bur ten shew 

1938 

Same  ausp’n  at  100  min. 
Tinfoil,  auap’n  contain- 
ing 34-^9  0?  orgSo,  ex- 
posed 8 min. 

194.7  washed  off 
1011.2.^jft^d;^o^, 

If 

n 

Same  susp'n  at  96  min. 
Smooth  surfaces,  ultra- 

Effect'’*reduce?f  counts 

Cathcart 

1942 

violet,  2,000-2,950  X 
units' 

Hand  telephone 

4.17  ^ 

Smoall 

1937 

Telephone  with  sepa^^'to 

and  traasmitter 

3.75^ 

n 

ft 

TABLE 


(rowTM)) 


Tin!:  SURVIVAL  OP  MICROCOCCUS 
SPECIES  ON  SURFACES 


Fnc.  tor  ( ) 


GENERAL (CONT'D) 

il*  pyo/^oiios ..  ypt..  fiui’:ouffl 
At?tJ.  on  of  r>/\it3j 

goli1  nollo.lriap  rH.  voi- 
nltPfito,  ?,inc  oUlorirto 
find  i)thsi'n  in  vfinyln;?; 
dilutions • 
pyoft^^nea  vfu  ,. 

Ilflnd  telephono, .j 
Telephones  v'ith  aaperote 
neoeivar  find  t rflnsinl ttor, 


Supylvfll 


355,4?  '% 
1,1.10  f 


Tannlcfl 


SiTie  dll 

It 


M,  p.yn/»enaa 

Door-knob „ hr«rto 

Door  knob,,  ’-'hi  ho  hi  i'n',’0 
M.  app»  ( obPf'i-K.'pori  0 r. noo1  ) 
Hand  telapiione.M 

Teiephonefi  "Ith  .tofii'. i-r  i "• 
r e c a 1 « ,r"  U.  -t  r^-  r.  •nil-'  r 


Reoov.  positive  ^4  Urs , Pi'ank 
Re  c n V , n o (T  r t .1  ve  3^^  hr  s , 

Rooo’ir.  positive  7?  hrs , " 

% Sn.-ell 

11.10 


1931 


1937 

« 

1943 

ff 

1937 


TA‘BLB  r THE  SURVIVAL  OF  MICROORGANISMS  ON  SURFACES 


Factor(8) 

Survival 

Reference 

BUST  

Proteus  morffanl 
Duet'.' 

2-«12  d. 

Hoare 

1943, 

i'Abrics 

Proteus  vulffsrls 

Cpij^tojl-wool  swab,  16«32C| 

plain,  dry 

No  growth  at.S  hr. 
50-200  col.  at  24  hr. 

Rubbo 

1951 

moist 

a 

a 

Cotton-wool  swab,  16-22C, 

20-50  col.  at  48  hr. 

a 

a 

serum,  dry 

moi  St 

50-200  col.  at  48  hr. 

M 

a 

Hemophilus  pertussis 

Cotton-wool  swab,  16-88C,. 

plain,  dry 

No  growth  at  8 hr. 

a 

N 

moist 

H M N M M 

a 

a 

Cotton-wool  swab,  16-28C, 

serum,  dry 

20-50  col.  at  24  hr. 

a 

a 

moist 

20-50  " a H a 

a 

a 

Proteus  morptani 
iBlanicet 
Rickettisa 

>81  d. 

Hoare 

1943 

CdiTia'llV  burnetii 

Soiled'  laundry  from  Q 

Infection  evident  on 

Oliphant 

1949 

fever  lab. 

laundry  workers  hand- 
ling prior  to  launder- 
ing 

Treponema  pallidum 
Cloth,  21,, 5-850,  diffuse 

m hr. 

Zinsser 

1914 

light 

1 

Vibrio  comma 

Dried  on  silk  threads  in 

30  d. 

Berckholz 

1889 

air,  temp  of  desiccator 
Thread 

7 mo. 

Ficker 

1898 

Star,  moist  linen  strips. 

Still  viable  5 wk. 

Oamaleie 

1893 

R.T. 

Dry  linen  strips 

Recov,  0,  17  hr. 

•• 

M 

Dried  oh  silk  threads  in 
desiccator 

Cotton-wool  swab,  16-22C, 

3-4  d. 

Kltasato 

1889 

plain,  dry 

Smrowth  at  6 hr. 

Rubbo 

1951 

moist 

|1|  a N N « 

a 

a 

Cottoh-wool  swab,  16-220, 

serum, '•  dry 

a / a " ■ a 

a ' 

a 

moist 

5-80  col. -at *84  hr. 

a 

a 

Clothinff  especiallv  linen 

Several  days  even  weeks 

T.  k W. 

1946' 

GLASS 

Pseudomonas  aeruginosa 
GlasSj,  24  hr^  peptone, 

7 mo.  & 7 d. 

Shottooh 

1918 

1^  jH^kisr  culture,  vaou- 
sunlight 

8 min. 

Weinzirl 

1907 

(CONT'D)  THE  SURVIVAL  OF  MICHOOROANISMS  ON  SURFACES 


Factor(a) 


eont* 

Sarclna  aurantlaca 

Glaes  ('  direct ‘and  under 
glass)  sunlight 
Treponema  pallidum 

Olass  slides  allowed  to  \ 
Ary 

Vibrio  comma 


Vibrio  dried  on  cover  si 
Ster.  slides,  37C, 

Glass  slides  dried 

“ « , 56,  100,  k 

80C 

Glass  sunlight 


PAPER 

Bacterium  linens 

Ster,  filter  paper,  dried, 
R.T.. 


Proteus  morgani 
Filter  paper 
Vibrio  comma 

Banknotes  touched  by  fin- 
gers infected  with 
cholera  stool  


WOOD 

Trichomonas  vaginalis 

Enamel  surface  of  a small 
wooden  block 


GENERAL 

Alcaligenes  faecalis 
Hand  telephones 
Rickettsia  typhi 

In  a vacuum  with  CaCl3  for 
48  hr. 

Paper,  R,.T, 

Trichomonas  vaginalis 
Natural  conditions 

Vaginal  discharge 
Vibrio  comma 

Insicie  earthen  pot 
Outside  '•  * 


Survival 


Reference 


25^60  min. 


4^  hr. 


We  in  21  rl 


Zinsser 


3 hr,  d Kitasato 

Inoc,  innumerable,’^  Recov.  Teague 
0,  2 min. 

Few  days  - Thurn 

30  min,  " 

2 min.  Weinzirl 


Inoc.  soaked  in  48  hr.  Albert 
cult,  in  peptone, 
still  gave  active  org. 
when  placed  in  peptone 
90  d. 

11-20  d.  Hoare 

4 hr,  Jettmar 


< 7 hr,  Kessel 


4.17^  of  org.  present  Smeall 


loo  d.  still  viable 

Still  viable  at  21  d. 

Long  enought  to  permit 
transfer  to  another 
Recov,  2-4^,  6 hr, 

2 d. 

4-8  d. 


Blanc 


Kessel 


1907 


1914 


1889 

1913 

1914 


1907 


1944 


1943 

1927 


1950 


1937 


1940 


1950 


Arguelles  1927 


will' aW 


TABLE  y THE  SURVIVAL  OP  MICROORGANISMS  ON  SURFACES  (OENERAI.) 


PactorCe) 

Survival 

Reference 

DUSt  

Air  during  dust  storm 

High  ct.  of  mold,  bacte- 

Proctor 

1935 

ria.  Sb  dust  oarticles 

FABRICS  . 

Oiled  blankets 

90-95^  fewer  than  contnl 

Dingle 

1946 

Egypt  cotton  parachute 

Recov.  14,720 

Dumbell 

1948 

material,  dry  over  nite 

70F,  dust  free  room, 

shaking  for  30  sAo. 

Mechanical  shaking  30sec. 

Reoov.  60,300 

N 

N 

Violent  shaking 

" 136,000 

II 

II 

Turkish  towel 

24  hr. 

Pease 

1930 

10  blankets  untreated  and 

Near  6,200,000/gm.  of 

Rountree 

1947 

in  use  for  4 mo. 

blanket 

Blankets 

6 mo. 

Shechmeister 

1947 

Org,  were  killedmore  rapid: 

y>.on  glass  surfaces 

El  ford 

1945 

than  woolen  ff^e.  filter 

tauer.  or  blood  agar 

GLASS  ^ 

Drying  in  tubes 

.5vhr. 

Buckl ey 

1907 

" * desiccator 

« •• 

n 

fl 

" " R.T. 

1.75*hr. 

H 

m 

" " Moist  chamber  • 

8 d. 

a 

m 

Cover  slips,  dried 

1 mo. 

Sternberg 

1950 

Glabs.  IS  aoecimens 

>1  millon 

MacNabb 

1938 

METAL 

Surfaces  of  Fe,  Zn,  Cu,  brai 

IS,  llmewash,  lead  paint 

Minett 

1950 

& too  were  bactericidal 

Polio  vlrus-oartial  Inactivi 

tion 

McKhann 

1948 

PAPER 

‘ 

Spore  bearing  bacteria  surv: 

ve  drying  process  of 

Appling 

1945 

nfl  ne  r , 

Drying  in  tubes 

1.5  hr . 

Buckley 

1907 

" " desiccator.  16-15 

1.75  hr. 

N 

ft 

degrees  C 

Drying  in  R.T, 

5 hr. 

H 

H 

Moist  chamber 

5 d. 

m 

m 

1K)0D 

Drying  in  tubes; 

1 

cotton  wood 

‘,25  hr. 

Buckley 

1907 

lime  wood 

1.5  hr. 

H 

II 

pine  wood 

1.5  hr. 

m 

m 

Drying  in  desiccator; 

cotton  wood 

7.5  hr. 

m 

N 

lime  wood 

H If 

m 

pine  wood 

1.5  hr. 

N 

m 

Drying  R.T.; 

cotton  wood 

9 hr. 

N 

m 

lime  wood 

8 hr. 

n 

m 

pine  wood 

7.5  hr. 

N 

n 

Drying  moist  chamber; 

. ■ 

cotton  wood 

14.5  d. 

n 

lime  wood 

19  d. 

n 

M 

pine  wood  1 d. 


n 


TABLE^^  (CONT^D)  THE  SURVIVAL  OF  MICROORGANISMS  ON  SURFACES  (GENERAL) 


than  1 mlllon,  5 greater  than  1 thousand  to  1 


Paetor(s) 

Survival 

Reference 

GENERAL 

Bact,  found  in  bricks  1,005 

400  yr.  old. 

Lipman 

1934 

Ster.  of  plane  polished 

• 

T 

surfaces 

Sterilization  of  plane 

Slightly  longer  time  for 

Brelnl 

1935 

polished  surfaces  by  air 

sterilization 

1 

at  50  miles/inin. 

1 

at  300-600  mi, /min,  i 

Effect  pronounced 

M 

ri 

Sterilization  of  polished 

50” 60  min. 

« 

N 

iS. 

surfaces  by  still  air 

1 

at  100-120C,  600  ml, /rain. 

10-15  min.  for  killing 

N 

N 

Ozone  in  excess  of  lp.p«m.,| 

Good  sterilization 

El  ford 

1942 

R,H,  6o»ao^ 

Survive  well  in  temp,  eoldei 

' than  CO3  frozen 

Lujet 

1938 

1 

Survival  temp,  ranging  from 

that  of  liquid  03,  -183C 

N 

« . 

1 

to  that  of  liquid  helium, 

-269C. 

“I 

Drying  on  tubes 

0.5  hr. 

Buckley 

1907 

■ 

" in  desiccator 

3 hr. 

II 

N 

Drying  in  moist  chamber  i 

7 d. 

II 

m 

1 

Drinking  utensils,  51  specir 

lens  examined:  12  greater 

MacNabb 

1938 

raillonf  17  greater  than  1 


to  1 thousand. 


TABLE 


Tins  SURVIVAL  OF  I^YCOBACTERIUM 
TUBERCULOSIS  ON  SURFACES 


i 


Factor ( a ) 

Survival 

Reference 

DUST 

Dust,  infected j,  diffuse 

^ days 

Soparkar 

1917 

daylight 

Dust,  infected^  direct  aim- 

2 hrs. 

ft 

light 

Du8t>,  infected 

B days 

Klrstein 

1909 

Street  dust,  infected 

3-H  days 

ft 

t! 

Sterile  dust„  mixed  with 

^ hrs 

Sweeny 

1919 

I'oBo,  direct  sunlight 

Film  of  dusti  south  room 

days 

If 

ff 

Film  of  duato  north  room 

7 days 

ri 

FABRICS 

Garments  worn  by  tubercular 

Unable  to  infect  g.p. 

Jacobs 

1944 

patients,  dust  and  scrap- 

Ings 

Linen  or  woolen  cloth,,  with 

?4-30  hrs 

Mlgneco 

lfl99 

sputum,  sunlight 

Handkerchief 0 sputuru  dried 

l8  hrs 

in  sun 

Carpet,  sputum 

Infective  39  days 

Twltchell 

1906 

Handkerchief  or  blanket 

Lesions  resulted  after 

ft 

70..  but  not  after  110  d* 

exposed  to  direct  sunlight 

Infective  after  1 hr. 

n 

tf 

but  not  after  7 hrs. 

On  threads  of  cfttblng 

9-10  days 

Klrstein 

1909 

GLASS 

Glass ; sputum,  dried  in  thin 

4 inos. 

Sormani 

1B86 

smears 

pAper 

Books,  handled  by  tuber. 

Unable  to  demonatrste 

Jacobs 

1944 

cular  patient  a 

viable  tubercle  bacilli 

Sheets  of  paper  coughed  on. 

>f>0  Infective,  7 das. 

M 

n 

stored  in  boll  Jar, 

infection  for  g.p.,  no 

Infer'tlon  31  days 

Paper,  sunlight,  kno'’n  type 

2-10  mins,  * 

Wein?.  irl 

1907 

Paper,  under  gla*s.  No, 101 

i x/u.  nr. 

tubercle  culture 

Paper,  and  moisture  under 

1/2  hr. 

11 

glass,  No,  101  culture 

i 

Paper,  No.  101  culture 

lfj-20  min. 

Paper  and  moisture  under 

1/2  hr. 

f| 

•1 

glass,  No.  110  culture 

Paper  under  glass.  No,  110 

^ 10  min 

n 

« 

Pj^^er^Q^oisture , sunlight. 

29-30  min 

n 

ft 

Paper,  sunli.ght.  No,  101 

29  min. 

Paper,  sunllglit.  No,  101, 

under  colorlosa  glass 

9 min. 

n 

If 

under  rod  glaSuS 

10”20  min. 

under  green  glass 

30  min. 

rr 

n 

under  blue  glass 

9-10  min. 

1 


a 

3 


I; 


THK  SURVIVAL  OP  MYrORACTT^RIUM 
TUBliRCULOSIS  ON  TURPACES 


Snrvivfll 


PAPER(CONT*D) 

Paper p Infertcd,,  dri>.^ci 
hr« , j exni'.flod  to  little  nlr 

DockvS  . f’lputum . 

iteneIi/l'"''  : 

Thin  smears  of  human ^ bovine 
and  avian  typos.  aunli/tLt 

Dosalcstlon  in  a dark, 
ventilated  nlf  co  - -humAn  find 
bovine . 

Exposed  to  dj.reot  sunlight 
In  India. 

i)e  a si  oc  a te  d in  <1  ar  k7ia  s a , 

Decompo,sin>>;  sputum. 

Exposed  to  e]ectrl<?,  light, 
bovine 

Bovine  t,b„  frcati  deer  lungp 
direct  sunlight, 
diffuse  light  , 

Hypochlorite  dl  nl'ei'.  Mf  (jn  on 
oornponmis  had  ifenk  tuliorrul' 

Bi-aSllfl  book.M 


>3!>  days 

vko,  to  3 1/R  mo3. 


Killed  in  1-4  min. 
Killed  human  ’’Ithln  4 
days';  killed  bovine  ’• 
within  B days. 

Alive-  -6  das. 

Bo  ad -‘--8  das. 

Live  virulent  bacilli 
for  309  days. 

20-.?6  days 

74  days  alive,  do ad  in 
100  days, 

10  .1'’  hr.=!. 

30  days 

d qu«rtern«ry  ammonium 
or. i dal  pot'er, 

3 mos . 


Reference 

Ransom 

Smith 


THE  SURVIVAL  OP  NEISSERIA  SPECIES 
J2^  StJHEipES 


Pflctor ( s ) 

FABRICS 

&Qn  OPT*hoa  ao 

Oou^on  plug  In  cloaod  t\ib< 
under  vr  f-t:er 
Cotton  plug  In  open  tube 
Cot-ton  plug  in  incubator, 
40  C. 

Cotton  plug  in  aun( aammar ' 
Cotton  plug,  R,T. 
Cotton-vool  awfihs,,  also 
N • inenlngltldl » , ' 1 6 . ■ P,?C . 
plain  d'ry" 

Plain  moist; 
aorxim  dry; 
serum  moist, 

N,  inlracelliAlari a 
Cotton  fabrics 


Cotton--v(.'Ol  svabs,  also 
N,  gonorrhoene  , 16-?.?  C. 
plain,  dry 
plain,  moist 
serum,  dry 
serum,  moist 
Cotton  fabtlcs  exposed 
to  direct  sunlight  in 
dried  films 

Cotton  gauze,  exposed  to 
diffuse  daylight,,  pass- 
ing thru  vindoM  pane,,  ?c 
pyrex  potri  dish 
Fabric 


Survival 


Reference 


GLASS 

N.  nem"  ngl  1 1 dl  s 

Gloss  De~0ds dark,,  dried, 
H X 

Surface  glass,  direct  sun 
light,  In  '’riad  films 
Gloss  beadS;,  dlffuae  day- 
light, pa-’-'lng  thru  win- 
dm,r  pane  & pyrex  petri 
dish 

Glass,,  drying  on 
Garnets  and  glass,  dried, 
in  dark 

diffuse  daylight 
Glass,  dried,  R«T„ 

Watch  glass,  dried  rabbit 
blood 


0 recovered,  ^4  hrs,  Lorentz 

0 recovered,  30  min. 

0 recovered,  10  min.  ” 

0 recovered,  ^ min,  ” 

0 recovered,  ^ min. 


Hubbo 


No  growth  at  8 hrs. 
No  growth  at  & hrs. 
No  growth  at  8 hrs. 
No  growth  at  8 hrs. 


7 days,  survival  short-  Miller 
ened  at  37  C,  Sc  prolong- 
od  at  6-10  C» 


No  grot.rth  at  8 hrs, 
No  growth  at  8 hrs. 
No  growth  at  8 hrs. 
No  gro*-»th  at  8 hrs. 
Few  hr a. 


30  hrs. 


1 hr.  still  alive, 
■?  l;rs,  dead 


is  germicidal. 

i‘‘ev  hours 
30  l;rs. 


7?.  hrs. 

2k  hrs, 
10  hrs, 
Pj\  hrs , 
>45  days 


19?4 


1951 


1944 


Rubbo 

1951 

Miller 

1944 

n 

n 

iWe iss 

1921 

Miller 

1944 

Miller 

11 

1 

1 

1944 

t» 

\ 

■ Elser 

1909 

Plligge 

1905 

Kutscher 

Poa 

1906 

1888 

Jlu  fl  (rONT^D)  m’  SURVIVAL  OP  NEISSERIA  SPECIES 

ON  SURFACES 


Foctor ( s ) 

GLASS  (COriT'D) 

N,  Konorrhoofla 

01 as?  covered  in  «un 


WOOD  " 

N,  meninRltlcli  m 

Wood  ©xposecf’to  diroat 
sunlight  in  driad  fllma 
Wood',  room  tamnarnturg 


N,  meninfcltidig 

Ilurnnn  snc'^a tl ona drying 

inj, 

Motal 


Survival 


Raf’ft  rencfc 


R strains  stopped  grOT-r-  Lorent^ 
ing  niter  3 hr a,;  5 bra. 


Paw  hrs. 


Several  days 


Miner 


Jungablut 


Motal  1 hr  still  alive,  2 hrs . Weiss 

da  ad 

1^  strains,  R„T,  „ '’6  C..  0 strnlns  survived  2 wks  Elsex'- 

h ior  4 '•'dcs . 

A ^ r\ys 


dark. 


0 survived  for  ^ vtks, 
diffusa  d^iylightj,  1 I " 

direct  sun  H-O  hrs,  1 

ice  boj;,  6"8  C,  None  nur'’ived  a week  ! 

Heningococol  nigl-it  renirln  alive  for  years  If  dried  j Elaer 
rapidly  under  freer Ing  tcmparaturos  and  kept  j 

fro?,en 


TABLE-><^  / 


THE  SUHVIVAL  OP  PASTEURELLA  SPECIES 
ON  SURFACES 


Pactor(i) 


Survival 


Reforonce 


FABRICS 
P.  pastla 

Silk  cloth,  proteoted 
from  light 
Handkorchlaf 
Coarse  linen 
On  silk  cloth  In  sun 
On  linen  In  sun 

SDisS 

P,  pestla 

Cover  glass,  dried  bubon-| 
Ic  puB,  2O-30C,  Inoc 
Into  bouillon 
Cover  glass,  pure  cult., 
dried,  29-31C 
Desiccator,  dess.  temp. 
Dried  In  lighted  room, 
16-20C 

Cover  glass,  pus  Sc  cult., 
room  temperature 
Cover  glass,  finely  divi- 
ded, dried  In  sun,  30C 
Cover  glass,  dried 
desiccator,  16-18C 
Glass,  room  temperature 
Glass,  moist  chamber 
Cover  glass,  l4-2i|,C 
protected  from  light 
Cover  glass,  dried  bv  sun 
Teat  tube,  sun,  i|.G-44C 
Cover  slip,  R.T,,  bubo 
Juice,  dried 
exposed  to  sun 
Slide,  dried,  Glemsa 
stain,  inoc.  ljl,000 
Slide,  reagents  used  for 
hemoglobin  determina- 
tion 

Glass  tube,  blood  allowed 
to  nutrify  I 


.pee  tie 

Desiccator  l6-l6c 
Room  temperature 
Moist  ch^bor 
Filter  paper,  dried,  li*.- 
24c,  protected  from 
light 

■ tularenaa 

Filter  paper,  feces  on, 
20C,  dried  unoxposed 
to  direct  light 


0 recovered,  1-21  days  Gladln 

0 recovered j 14  days 
0 recovered;  12-76  days 
0 recovered,  6i  hrs* 

0 recovered.  iS^  hra. ” 


189B 


No  grovrth,  4 days 


No  growth,  4i-  days 

No  growth,  3 hra. 

No  growth,  3 hra. 

Still  viable  6-9  days 


No  growth,  1 hr. 
No  growth,  1 hr, 

3.5  hrs. 

2.3  days 

13.5  days 


Abel 


1397 


< 4 days 
3-4  hra. 

Viable  2 hrs. 


100  days 


Buckley 

n 

1906 

« 

1-9  d.  Gladln 

1393 

li  hra,  " 

ff 

hrs,  " 

It 

Kltasato 

1894 

Tinker 

1930 

1 45  '' 

II 

Ostertag 

1906 

5 days 
3.6  days 
8,3  days 

Nona  recovered,  1-20  d 


20  dpye 


3uckley  1906 


H 

Jladln 


Francis 


n 

1393 


1922 


table  fUr  C ( INT « D ) 


TIffi  SURVIVAL  OP  PASTEURELLA  SPECIES 
ON  SURFACES 


Pact or (s) 


Survl vel 


ILAST^ 

P.  pawtls 


Desaicatory,  16-lB  C, 
Room  temperstur® 
Moist  ohsmbar 


W6od 

P.  paatla 

Deasicatori  C, 

Cotton  ’>»ood 
Lime  wood 
Pine  wood 
Room  t«i»p«  r fl  tur-ft 
Cotton  wood 
Lime  wood 
Pine  wood 
Moist  chamber 
Cotton  wood 
Lime  wood 
Pine  wood 

general  ~~ 


9.5  days 
5 daya 
11  days 


Reference 


Buckl ey 


1906 


P.  pe ® tl s 

Frozen  daily,  -^0  C,, 
Cried,  37  C.. 

Protected  from  sun,  37  C. 
Protected  from  <?uno  R.T., 


2R  days 

6.5  days 

3.5  days 

11  days 
R days 


36.3  days 
P..6  days 
1 hoxu* 


Buckley 


1906 


40  days 

Most  ••'ore  dead.  3 das, 
^-3  nos. 

R60  days 


Gladln 


1P98 


t 


TABLE  C3 


THE  SURVIVAL  OP  SALMONELLA  SPECIES 
ON  SURFACES 


P6otor( s ) 


DUST 

S,  tynhogfl 

Dried  soil ( dust ) ;,  stock 
culturep  ^yg.t.cmp.  5?  P.y 
Max.  temp,  s7  P.,  Min, 
temp,  49  I''. 

Dried  soil,  stool  cult,, 
avR.  temp.  5l  F.,,  max, 
,.*iKit:omp,  45  P.v  mil;,  temp. 

- 4B  P., 

Dust,  stool  onlt.j  flvg, 

P.:.  max,  F,, 
min,  4'  P.» 

Street  '^uat. 

Sweeping,  hodrootn,  sterile 
H.T,,  dried  after  I6  hrs . 
& 1, retted  with  inoc„  of 
bfcter-ial  voter  suap’n, 

!■?  mm.  layer. 

Street  w^reeplngs,  sterile 
Sweepings,  kltcJjen  refuse 
Ashes,  contflrnlnRt.ed 
S,  typhiinurlun 
""  Dust 

pa^otyphl 

Swse pings,  kit 0 hen  re f t.i a e , 
Ashes,  contami n a 1 0 ijU  

■Fabrics 

S,  typhosg 

Soiled  washing,  R.T,^  dark 
Linen,  dried  on 
’White  drill  cloth,  temp, 
105> 'T,  ,expoeeil  to  sun, 
inoc,  ?4'9o000 
White  drill  cloth,  9?  F. , 
dark 

V/hlto  drill  cloth,  soaked 
In  urine  vith  org. , In 
dark.,  inoc.  ?4C,000 
Turkish  to<rft Is 
Cotton-wool  ftwflb,  16 C, 


Survival 

ft  pence 

Firth 

1902 

^22  days 

V30  days 

>.?0  days 

1) 

II 

30  days 

Osier 

1901 

36  days 

■ 

Uffolraann 

33  days 

30  days 

Klster 

1928 

1.30  days 

3 weeks 

Browne 

1949 

'lO  days 

Klster 

1928 

130  days 

” 

It 

k days 

Dold 

I9kk 

9B  days 

2 hrs. 

Hewlett 

1 QOO 

76  days 

« 

« 

10  days 

n 

It 

Alive  at  end  of  4^  hrs. 

Peasa 

1930 

plain,  dry 

No  growth 

at  8 hrs. 

! Hubbo 

1991 

plain,  moist 
serum,  dry 

9-20  col.. 
9-20  col. 

at  24  hrs, 
at  24  hrs. 

t 

1 

1 

i* 

serum,  moist 

20“90  col . 

at  i|P  hrs. 

Dried  on  linen 

98  days 

jDold 

1943 

Linen 

Cotton 

l9o  days 
l9o  days 

j Lomry 

i 

! ’> 

1929 

Wool 

100  days 

If 

Linen 

60  -70  daya 

: Osier 

1901 

Linen,  suspn. 

Viable  97 

days 

1 Pfuhl 

1902 

Linen,  sterile,  I; 3 dil't 
Buckskin,  s to rile 

90  days 
100  days 

1 Uffelmann 

IP  94 

Ti\BLR^  /3  (CONT»D)  Tlffi  Sm^VIVAL  OP  SALMONELLA  SPECIES 

ON  SURFACES 


Pactor( s ) 

Survival 

Reference 

PABHICS 

S„  enterltldis 
Dried  on  linen 
S.  £aX0ilI?iii  B 

39  days 

1 

Dold 

(I 

1944 

tf 

Dried  on  linen 

191  days 

1 

Turkish  to^-fols 
S.  paratyphi 

Alive  at  end  of  4^ 

hrs. 

Pease 

1930 

1943 

Dried  on  linon 

191  days 

Dold 

Linen 

1^0  days 

Lomry 

1929 

Cotton 

1S>0  days 

1 

ti 

Wool 

S,  pullorum 

70  days 

btirlap  Astrjps,,  soaked  in 

19^0 

cult.,  exposed  to  U.-V... 
300-915P.  for  5;  min. 

No  Inactivation 

Jungherr 

Wps  not  Isolated  after 

9^-lfiO  P,  for  L min. 

f .9  min  exposure 
; Roadlly  recovered 

20^^-^VO  P.  for  f^-7  min.  ; 

Not  recovered 

S.  an.  (Typo  Or  finlen’>m'g ) 

I')  days 

1990 

Cotton  vide  of  !--nber  de-  | 

Olson 

Vise  i 

GLASS  1 

S.tynhoaa 

liesaicntor I'S- iB  C,, 

44.5  days 

Buckley 

1906 

Room  temperature 

17  days 

Moist  chomber 

38. 5 days 

Petri  dishes,  empty,  R.T. 

, 74  hrs . 

Klratein 

190? 

sterile 

Glass  rod,  sterile,  37  C,| 

flamed  vith  9^^  elc , forj 

Viable  2 days 

Mayser 

1975 

9 see.,  hr.  agar  cult. 

j 

If 

Porcelain  saucer.  37  C,,  j 

None  recovered,  3 days  | 

tf 

1 eating,  spoon  of  ale, 
1 min,  74  hr,  cult. 

Glass  cover  slips,  vac  cum; 

None  recovered,  4 

days 

Shattock 

1912 

dried  at  »195  Cj  air  | 

dried  , dark 

1 

Sterile  slides.  37  C,, 

Nona  re cove  red, 60 

hrs,  1 

Teague 

1913 

Inoc,  innurnfirsblfl  cola, 
Liahea  t-raflhofl  tArith  0,3?^ 
Calgonltfls  )o  aher-llei, 
steril'«  diahoa 
soiled  dishes 
Olassp  sunlight 
Self  sterilising  ability 


aimlliar  phenomenon  on  gfass  rods. 

3ij.  days 


S.^^p.(Type  Orsnienburg) 


Gins a,  few  drops  broth 
culture , 


70-90^  approx. 
i|.-10^ 

5 min, 
bf  skin  against  S, 


Ward  1939 

jWelnzlrl  1907 

typhosaPold  1919 


Olson  19^0 


1 


TABLE CONT ' D ) 


Tmi:  SURVIVAL  OP  SALMONELLA.  SPECIES 
OS  SURFACES 


Factor (3 ) 


J?APER^ 

S * ^yphosa 

~ Oeaalcator,  I6-I6  C„„ 

Room  ternparaturfl 
Moist  chambor 
Paper  slips , in  vapor  of 
,.3f?  gmso  plus/1000 
•*^'ilter  papers  stool  dried 

paper,  thin  vpt.ary 


on,  R, 
Filter 
stool 
Filter 
Paper, 
Paper, 
Paper, 


paper,  dried 
surface,  inoc„  ^6 
surface,  inoc.1,'^00 
sunlight 


So  paratyphi 

Dried  on  filter  paper, 
dark,  RoT„ 

Filter  paper,  dried  on 
Filter  paper,  stool, dried, 
Paper,  sunlight 


PLASTER 
So  typhoaa 
*”  D’essicator,  16-lP 
Room  temperature 
Moist  chamber 


Survival 


13  days 
5.3  days 
10.5  days 

^covered  none,  1 hr, 
>55  days 
>137  days 
1-2  wks 

Recovered  none,  3 min. 
Recovered  none,  3 min. 
2-10  min,,  longer  if  in 
oluators 

Pure  cult,  of  org,>8  mo. 

421  days 

1- 2  wks. 

2- 10  mins,,  longer  if 
In  clumps 


B3  days 
91  days 


Reference 


Buckley 


Hewlett 

Dold  <Sc 
Ketterer 


Joe 

Norton 

Welnzirl 

Dold  & 
Ketterer 
Dold 
Joe 

Welnzirl 


Suckley 


1906 
1939 
1944 
1950 

1932 

11 

1907 

1944 

1947 

1950 

1907 


1906 


s 


, typhosa 

Deaaicator,  16-IB  C. 

cotton  wood 

5o  days 

lime  vrood 

89  days 

pine  wood 

3h.5  days 

Hoorn  temperature 

64  days 

cotton  wood 

lime  wood 

91  days 

pine  wood 

9 days 

Moist  chamber 

cotton  ».’Ood 

59  days 

lime  wood 

119  days 

pine  wood 

12  days 

Wooden  bowl,  20cra  die.. 

Viable  2 1 

37  C»,  1 eating  spoon  of 
AlCo,  1 min,  flaming, 
bouillon  culture 

Oak 

RO  days 

Beech 

80  days 

Resins 

80  days 

Wood 

32  days 

On'. bench 

Recov,  17 

Buckley 


days 


23  days 


Mnyser 

Lomry 

Osier 

Stamp 


1906 


19?5 


1929 


1901 

1947 


TABIRvZi//?(CONT»D)  THE  SURVIVAL  OP  SALMONELLA  SPECIES 

ON  SURFACES 


: ■'  ' ■ 

Pa6tor(a ) 

. Survival  •' ' 

Reference 

WOOD(CONT»D) 

S.  t7T)hOBB 

Pine  or  fir-wood  plank, 
Incubator  temp.,  water 
aua’p  in  a thin  layer, 
1j3  flra  to  water 
S,  paratTDhl 
Oak 
Beech 
Raaina 
On  bench 

3^?  days,  decreasing  b^. 
degrees 

80  days 
80  days 

80  days  » 

Recov*.  17*0^.  23  days 

Offelmann 

Lomry 

n 

Stsmn 

1894 

1929 

n 

1947. 

^SneRal 

S . tTohoaa 

Bread,  on  surface  after 

30  hrs. 

Alves 

1935 

baking 

Rye  bread,  on  crust  of, 

4 1/2-6  moa. (longer 

Bachman 

1943 

in  vell-ventilrtod  room, 
at  R.To 

survival  ot  lovrer  temp, 
-5  to  -25  C. 

; 

Wa  ter  filter  after  water 

2-3  hrs. 

Gage 

1903 

, stopped 

In  continuous  water  filter 

2 days 

It 

If 

Iron 

20  days 

Lomry 

1929 

Copper 

20  days 

" 

Tin 

30  days 

If 

n 

S.  D^ratyohl 

On  crust  of  rye  breed,  in 

4 1/2  - 6 mos.,  longer 

Bachman 

1943 

well-ventlle ted  room  at 
R.T,,  emulsion  vrlth  S. 

survival  at  lower  temp. 
-5  to  -25  c. 

tyohosa  ” 

Iron 

30  days 

Lomry 

1929 

Copper 

Tin 

20  days 
40  days 

ft 

II 

S„  enteridltls 

Smooth  surface,  ultra- 

Effect  reduced  counts 

Cathcart 

1942 

violet  rays»,  ??,000- 
2,950  A’  units 

THE  SURVIVAL  OF  SERRATIA  MARCESCEUS 
ON  SURFACES 


Paotor(a) 


FABRICS 

Sorg© , woolen,  ©qiioous  ©usp' 
"21ppm,  ozone,  iLlI. 
temp.  20. f>  C. 
exposed  30  minutes 
exposed  60  minutes 
exposed  90  minutes 
Serge,  ^»oolen,  aqueous  susp 
.06  ppm.  ozone,  R.H,  89^» 
21  C..  exposed  min. 


OLASS 

Class,  aqueous  susp’n,  R.H, 
68^,  20. C.,  21ppm  ozone 
exposed  30  min, 
exposed  60  min. 

• ■“•rrised  90  min. 

Class, -'Kiueous  auap’n,  R.H. 

21C.,  .06  ppm  0?.  one , 
exposed  l|.5  minutes. 

■Petri  dlaHesjftmpty,  sterile 
room  tompe nature 
Slides, sterile , 370.,  Innoc 
innumernbie  colonies 
Glass  slides,  37  C,,  innoc. 
1,900 

Glass,  sunlight 

Glass,  37  C,,  innoc ,110,000 

e 


Iqueous  susp’n,  21  ppm.  Oz- 
one, R.H.  h8^i,  20.5  C., 
exposed  30  min. 
exposed  60  min. 
exposed  90  min. 

Aqueous  susp’n,  0.06  ppm. 
ozone,  R.H.  89^,  21  C,, 
exposed  min. 

Filter  paper,  .surface,  Inoc 
150 

Filter  paper,  moist,  inoc, 

oAn 


Survival 


Reference 


>99/^  killed  on  surface 
)*99^  killed  on  surface 
>99^  killed  " " 


98^  killed 
99%  killed 
>99^  killed 


Elf ord 


^ w 

Filter  paper,  inoc,  4.000 
Filter  paper,  surface  of, 
Inoc,  1,000 

Filter  paper,  moist,  innoc 

320 

Filter  paper,  inoc.,  3,500 
Paper,  surface,  inoc.  230, 
colonies  on^agor  plates 
Paper,  sunlight 
Filter  paper,  moist,  inoc, 

500,000,  37c. 


98%  killed 

Recovered  none,  20  min. 
Recovered  none,  30  min, 

Recoveret.  40,  30  niln. 
Recovered  6,  3©  min. 

Recovered  1,000  at  30 
minutes 

Recovered  310  at  30  min 
Recovered  none  at  2 min 

2-10  minutes 
Recovered  141,000  at 
15  minutes 


Norton 


It 

Norton 

Welnzirl 

Bryan 


1942 


1931 


tl 

1932 


TABLIih,^  / \ ' 


THE  SURVIVAL  OP  SHIGELLA  SPECIES 
OH  SURFACES 


FactorCs) 


Survival 


Refarence 


DUST 

S,  dvaanterlae 
“ Dus  ^ 


Klatar 


1926 


FABRICS 

S.  dvaentarlae 
Hemp 
Clothes 
La inwand 

Clothes,  dried  on 
R,T.,  dark, 

37  C. 

R.T,,  diffusa  daylight 
Sheep's  wool,  R.T, 
Cloth,  17-20  C. 

Cloth,  38  C. 


Dried  on  linen 

Linen,  acraps,  feces  on, 
diffuse  light,  R.T, 
dried  in  sun 
on  bed  straw, 15-21  C, 

Cloth,  dried 

Soiled  washing,  R.T.,  dark 
dried  on  linen 
S.  naradyaenteriae (Flexner ) 

” Cotton-wool  swab,  Inoc. 
7,200  cola, 
plain, dry 
plal9,  moist 
serum,  dry 
serum,  moist 

, Dried  on  linen,  S.  sonnei 
than  Flexner  strain 
S._8PD. 

Dried  on  linen,  -fi.®.,  dark 

Linen,  dried  xa3l,,  R.T.,d#rk 
> Linen,  elc  ether,  chloro 
form,  37  C. 

Linen,  deaslcation 

Dried  on  linen,  S.  sonnei 


Savax'fli  days 
2L  days 
17  days 

l50  days 
11  days 
20  days 
106  days 
days 

Only  1/2-  1/h  surviVr 
of  those  at  17-20  C. 
(Shiga  more  frail  than 
Flexner) 

30  daya 

79  daya 
1/2  hr. 

36  days 

None  recovered,  22  days 
30  days 


0 at  8 hrs. 

5-20  cols,  at  24  hrs. 
5-20  cols,  at  ?h  hrs. 
20-5o  cols,  at  i|8  hrs. 
Survive  2-3  times  longer 


5-4^  days 
^-48  days 
Pew  hours 

20-25  Geye 
Survives  2-3  times 


longer  than  Flexner  strain 

V- 

S.  dyaenterlae 
Paper,  17-20  C, 

•Paper,  38  C.,will  live  l/2kl/4  surv,  of  those  at 
17-20  C. — Slilga  more  fraif  then  Flexner, 

Filter  paper,  dried  with 
Flexner  , 

Filter  paper,  dried,  stool  1-2  wka. 


Lentz 

(?) 

Winter 

1912 

Karllnski 

Proet 

1907 

1905 

Dold 

1943 

Karllnski 

"1907 

Pfuhl 

Dold 

1902- 

1944 

Rubbo 

1951 

rt 

Dold 

1943 

Roelcke 

Vaillard 

1938 

1903 

It 

R 

Dold 

1943 

Frost 

1905 

Dold 

1947 

Joe 

1950 

4-9  days 


TABLE 


ifcONT’D) 


THK  SURVIVAL  OP  SHIGELLA  SPECIES 
ON  SURFACES 


Pactor(s) 


Survival 


Reference 


S,  (^yaenteriae 

” Bread  j aurfe’ce  of  after 
baking 

Cruat  of  rye  bread  In  ’•'! 
well“  ventilated  room  at 
R.T.s  ^'ith  atraina  of 
Fie xner  and  Sonnel 
Same  aa  above  only  at 
lover  temperature  -5to 
-25  C. 

S«  paradyaenterlae (Plexner) 
Bread p aurface,  after 
baking 

Cruat  of  rye  bread,,  in 
well  ventilpted  room  at 
R.T, , with  Shiga  and 
sonnei « At  lover  temp a. 
-5  to  --  ?S  c. 

S,  aonnel 

“ Cruat  of  rye  breadp  in 
well  ventilated  room  at 
room  temp,  p ’'Ith  Flexnsr 
str-elna  and  ay  sente  rise 
At  lo’-'er  temp  -5  to-'?l^C . 


30  hra. 
45  days 

2 mos. 


Alves 

Bachmann 


1935 

1943 


30  hrs. 

Alves 

1935  ■ 

i 

4?  days 

Bachmann 

1943 

2 mos. 

Bachmann 

1943  ■ 

\ 

ft 

45  days 

Longer  than  2 mos. 


i ' y Jj.,  -s 


4' 


TABLE  w^// 


THE  SURVIVAL  OP  STREPTOCOCCUS 
SPECIES  ON  SUHPACES 


P«ctor{fl ) 


DUST 

S.  £S:op»naa(i^roup  A) 

Dry  sweeping,  3°  SMimples 

Dry  sleeping  pi'  scarlet 
fevei’  ».rsr(!,  ii\.7  snmples 


Sweeping  of  coppounrt,  49 
son  pies 

Dust,  strain  1,  R,T. 

Floor  (lust,  type  3 

Dust,  description  of  tons- 
illitis In  person  who 
swept  out  cubicle  previo- 
usly occupied  by  pueparal 
sepals  case. 

Floor  dust,  4 strains  of 
Group  A re cove red --three 
different  methods — sweep- 
ing, vacuum  cleaner  end 
blowing , 


Survival 


73.85^  (10,000-1  mill.) 
26.^(150-10,000) 
4.3^— 0 

63.9^  (1,000-10,000) 
29.7^  (10,000-  1 mill. 
2,l^(over  1 million) 
52^  (0) 

425^(150-10,000) 
65^(10,000-  1 million) 
44  days 

Many  recovered,  4 days 
25  <3  ays 


205^-6  75^  recovered 


Reference 


Hamburger 

n 


1944 


Laurell 

Lemon 

White 


Williams 


1949 

1944 

1936 


1949 


FABRICS 

pyogenes (group  A) 

■ ” Cotton  wool  S’--ab7  atrept, 
throat,  17-19  0,,  Inoc, 
A50  colonies,  plain  swab 
serum  swab 

Absorbent  wool,  plain, 
swabs,  17-22  C,,  Inoc, 

> 200  cols.,  Plain  dry 

Plain  moist 
wool,  17- 
2G0  cols. 


Non-absorbent 


n 

- • I 


inoQ> 


plain  dry 
plain  mcJist 
Absorbent  wool,  serum,  dry 
Absorb,  wool,  serum,  moist 
Cotton-wool  swab,,  l6-2?C, 
plain, dry 
plain, moist 
serum,  dry 
serum,  moist 
Bedding,  type  3 
Blankets 

Blankets,  glycol  vapor 
Blankets,  oiled,  2%  min- 
eral oil  emulsion 
Blanket,  oiled,  exposeci' 

5 min.  after  & during 
heating 


21  colonies  at  48  hrs. 
27  colonies  at  48  hrs, 

20-50  cols,  at  48 'hrs, 
5-20  cols,  at  8 hrs. 

50-200  cyiB,48  hrs» 
20-50  cols.  48  hrs, 
50-200  cols.  48  hrs, 
50-200  cols.  48  hrs. 

5-20  cols,  at  48  hrs, 
5-20  cols,  a,t  r hrs, 
50-200  cols,  at  48  hrs, 
50-200  cols,  at  48  hrs. 
Many  recovered,  4 ^isys 
Survive  > 4 months 

70^  reduction 
90^  reduction 

f 

170  colonies 


Rubbo 


1951 


Lemon 

Robertson 


Andrew® s 


II 

1944 

1944 

1947 


1940 


TABL%4fZ^  (CONT  D)  THE  SURVIVAL  OP  STREPTOCOCCUS 

. SPECIES  ON  SURFACES 


Pactor( a ) 


FABRICS ( CONT' D) 

S,  pyoKenas (group  A) 

” Blankat,  unoiled 

Blanketa  oiled 

Blanketa,  unolled  j (ij.14-1 ) 


a train a I, 
atrelna  1,P, 


Cotton,  R.T 
2,3,  dried 

Linen,  R,T,  , x, 

,3s4«  dried 
Wool,  R.T.,  atrains  1,3, 
4,  dried 

Blanket,  70-fl?  F.,  R.II. 
2^“30^,  10  blanketa  poa. 
at  beginning. 

Overcoat,  wool  blouaoa  3e 
towels,  onvir,  temp, 
J^allng,  dry 
Bl'enkata,  sucked  from, 
no.  47,  ENT  ward,  along 
with  M,  aureua . S.coli  & 
o'the  ra 

Oiling  of  blankets,  bed 
linan,  & garments 


Rato  lo’-'ei'  In  oiled  ward 
In  air,  floor  dust,  Sc  bed 
clothings  of  hospital 
wards 

py ogene s ( Croup  B) 
Blankets,  beaten,  strep, 
plate  countoO  hour 
'^4  hrs, 

10  days 
4 weeks 

very  slight  reduction  in 
.§,•  pyogenes ( Group  C) 
Blankets,  2 ft,  above 
floor,  lOmln,  after 
beating 
S,..  viridans 

Cotton-wool  awab,  lb- 
22  C. , plain,  dry 
plain, moist' 
serum,  dry 
serum,  moist 


Survival 


1030  colonies 
26  out  of  307cultures 
were  positive 
l6o  positive,  ^0%  of 
these  were  Group  A and 
^'emainder  largely  group 
C & B 
> 53  days 

y 53  days 

y 53  days 

Only  1 positive,  7 mos . 


At  least  4 days 

Alive  at  end  of  48  hrs. 
14 ,4.00-7 , 344 . 000/cu . ft . 
of  air. 


Reduces  no,  of  bacteria 
in  air  during  bed  mak- 
ing; 91-98^  below  those 
in  control  ward 
8.6^  versus  73.3:’^« 


2000/  plate 
701/  plate 
294/plate 
98/olate 
virulence  In 

426/plate 


4 weeks 


5-20  cols,  at  48  hrs. 
20-50  cols,  at  24  hrs, 
50-200  cols,  at  48  hrs, 
50-200  cola,  at  48  hrs. 


Reference 


Andrews s 
Dingle 


1940 

1946 


Laura 11 


1949 


Loosll 


Pease 

Rountree 


1948 


1930 

1946 


Cruickshank  1947 


Hamburger 


Van  den 
Ende 


rt 

1944 


1940 


Rubbo 


1951 


TA3LS^/!^(CQNT’D)  THE  SURVIVAL  OP  STREPTOCOCCUS 

SPECIES  ON  SURFACES 


c 


Pftctor(a) 


Survival 


FABRICS (CONT'D) 

S.  any. 

Sergo  p sprayed p raetUclnal 
paraffin,  mechanic. ally 
beaten,  1st  2 mln.j  Recovered  1300 

during  ^ min,  period,  12'  Recovered  900 


to  17  min.  after  boating 
Woolen  blanket,  beaten, 
during  1st  2 min.j 
during  S min.  period, 

12“17  min.  after  beating 
Wool  blanket,,  dry  strop, 
during  1st  2 min.; 
during  5 min.  period, 

12“17  min,  after  heoting 
Cotton  sheet,  dry  strep, 
during  1st  2 min. ; 
during  5 min.  period  12- 
17  min.  after  beating 
Cotton,,  sprayed  atrept, 
durl*^"  1st  2 rnin.i 
during  5 min,  period  12- 
17  ml.n.  after  beating. 

Blankets,  clothing 
Blankets,  application  of  crude  liquid  paraffin  be-  Van  den 
fore  sweeping  floors,  grej 
tl  on  at  9 ft.  level  and 


Recovered  4000 
Recovered  2^00 


Recovered  490 
Recovered  11 


Recovered  ^OB 
Recovered  24 


Recovered 

Recovered 


13?0 
23  p. 


"month  or  more' 


Reference 


Van  den 
Ende 


1941 


ijatly 

ft. 


reduces 

level. 


contamina- 


Pulvortaf t 


Ende 


i9l^7 

1940 


GLASS 


S.  nyogenes 
Sterile  dishes 
Soiled  dishes 
Petri  dishes,  org,  in.  on 
floor,  dark,  diffuse 
light 
01  ess  f. 

Susp’n  Cent,  Exp,  time 

in  min. 


6-20^ 

P.0%  alive,  14  ..days 
<.1%  alive, <7  days 


Wood  1939 

Phelps  1939 

Burtanshaw  1938 


339.2 

->105 

583.2 

10 

720 

85 

8^2 

6 

1270 

5 

1542,4 

84 

1971.2 

3 

2329.6 

k 

2880 

6 

viridans 

Ground  glfs.s,  deposited 
allowed  to  dry.  Discrete 
colonies  when  surfaces 
are  embedded  in  a nut, 
agar  medium. 


10,2 

35.7 

6.2 

%.4 

45 

P.3.3 

13?.? 

14.6 

3-^8.6 


washed 

« 

II 

n 

If 

If 

It 

II 

« 


off 

It 

II 

It 

It 

II 

II 

It 

II 


II 


Also  used,  to  determine 
effect  of  atmos.  Hum,  on 
survival  of  bacteria  on 
glass  surfaces. 


Anne  a r 


If 


1951 


II 


TABLE  CONT  ‘ D ) 


THE  SURVIVAL  OF  STREPTOCOCCUS 
SPECIES  ON  SURFACES 


F«ctor( s) 

Survival 

Reference 

CiLASS(CONT»D) 

S,  Sfflllvprlua 

GlpaSj  s«rum  broth,  R.H, 

O.Rlppm,  ozone,  ROC. 
exposed  90  min. , 

Olrss,  aornm  broth,  R.Ii, 

IBC,,  exposed  "/^mln. 
Glass,  serum,  O.lSppm. oz- 
one, R.II,  P.O  C,,  ex- 

posed 60  min. . 

Glass,  serum,  O.lB  ppm, 
ozone,  R.H,  RO  C., 

exposed  90  min 

97%  killed 
>99;^  killed 
>99;^  killed 
->99%  killed 

El ford 
n 

1942 

tf 

PAPER 

S.  saliveriua 

- 

■ Paper,  serum  broth,  R.H, 

20C.  O.ppM,  ozone, 

exposed  90  min. 

485^  killed 

Elford 

1942 

Paper,  serum,  R. 

H.  82^, 

In  C,,  0,21ppm. 

oz one. 

exposed  7^  min. 

99%  killed 

fl 

if 

Paper,  serum,  0. 

12ppm,  oz- 

one,  R.H, 

20C,  ex- 

posed  60  min. 

8^%  killed 

II 

M 

Paper , . serum,  0, 

iB  ppm. 

ozone,  R.H,  BOi.1 

1,  20C. , 

exposed  90  min. 

54^  killed 

n 

S- 

Papero  n.T„, strain  1.  dry  1 

1 U4.days  . 

RUBBER 

S.  pyo;'enos(hemolytlnua) 

i 

Ruober^"  apron, 

Burtenshaw 

1938 

Suap'n  cont. 

Exp,  time 

No,  washed  off 

In  min. 

339.2 

105 

2.1 

5B3.2 

9 

12.0 

720 

B5 

7.1 

B92 

6 

35.3 

1270.4 

4 

9.6 

1542.4 

80 

1971.2 

4 

4.8 

2329.6 

5 

6,1 

tt 

It 

2880 

5 

295.7 

k Hvibber  nondom. 

Exp,  time 

No.  washed  off 

« 

susp’n  oont. 

In  min. 

339.2 

105 

5.3 

583.2 

10 

18.2 

720 

85 

27.0 

ri 

852 

6 

38.2 

1270.4 

4 

65,0 

% 


* 


1 

1 


if-'.. 


THE  SURVIVAL  OP  STREPTOCOCCUS 
SPECIES  OR  SURFACES 


Pactor( s) 


Survival 


Reference 


RUBBER  (cont'd) 

S.  pvogenea 
Rubber  cond om , 

Suap'n  oont.  Exp  tlro« 

In  mln« 

1^1^24  78 

1971.2  4 

2329.6  5 

2860 5 


No.  waahed  off 


40.2 

93.6 

175.7 

360.1 


Burtenshaw  1938 


S.  faecalls 
Utanalla 
S«  vlrldane 
Utanslla 

mCEE 

S.  pyoganea 

Moutnpiaca  of  telephone 
Metal  from  bullet  lodged 
In  fie  ah  of  aoldler 
S.  aallvarlua 


and  telephone 
Telephone  with  separate 
receiver  and  trans- 
mitter 
S.  ml  tie 

Hand  telephone 
Telephone  v;lth  aeparate 
receiver  and  trans- 
mitter 

S.  non-hemolvticue 


Hano  tele^one 
Telephone  with  separate 
receiver  and  trans- 
mitter 
S.  equine 

Hand  telephone 
S,  Ignavus 


Hand  telephone 
S.  faecal 


and  telephone 


High  % 

Hutchinson  1947 

High  i 

n 

It 

4-11  days 

Coulter 

1937 

>2  mos. 

Pulvertaft 

1929 

72.925^ 

ll.lOJ^ 

Stneall 

It 

1937 

II 

68.75|5 

3.70ji 

It 

» 

2.1(^ 

3.70jg 

It 

II 

12.50J^ 

tt 

It 

8.335^ 

1 

1 

2.10% 

•• 

It 

-5-  V £ 


If' 


TABLE  >4^/7  THE  SURVIVAL 

OP  VIRUSES  ON  SURFACES 

^ Pnctor(a) 

, Survlysl 

Reference 

DUST 

Foot  & Mouth  dlsflBsa  i 

‘^€'iiToie  dust,  62  P.,  ^2% 

11  days 

Burbury  1928 

R.H. 

- 

Influenzse  virus  . 

Dust,  drying,  Inoe,  1X10^ 

Recovered  none,  3 vks. 

Edwards  1941 

Dust,  soaked  vlriis  susp’n, 

Be  twee  1^-lOjS  recover- 

Krueger 194-2 

R.T.  . drlfli^, 

ed  in  1 wk. 

...  . Dust,  i ■:  ■ 

Long  periods 

Pul vert eft  1947 

FABRICS 

Influenzae  virus 

Sheet,  dried,  ^20.  i 

> 3 days 

Edwards  1941 

Slieet,  dried,  37C» 

<24  hrs. 

Sheet,  dark,  driad  j 

1 wk. 

Sheet,  light,  dried 

<3  days 

Sheet,  22  C.,  inoc.  O.lcc 

Recovered  none,  '7  days 

^ tl 

Sheet,  37  C.,  inoc.  O.loc 

Recovered  none,  24  hrs. 

Sheet,  treated  with  In- 

1 month 

feoted  saliva.  1 

^ Blanket,  dried,  inoc. 

> 5 hrs , 

W tf 

suap’n. 

Blanket,  sterile,  ord. 

Survives  drying 

Kruegar  1942 

atmos.  conditions 

Sheeting,  werge,  soaked 

Between  1%~10%  recover- 

e  n 

T‘»ith  virus  susp'n,,  dried 

n m 

ed  in  1 wk. 

Faorl r 

uSurvived  for  many  days 

Robertson  1945 

Newcastle  virus 

1 

Burlap  strips,  4,  22,  & 

Survived  for  over  50  | 

Jun'ghorr  1950 

36  C. , treated  ’••1th  org- 

days 

anic  mercurial  cpda. 

Cotton  cloth,  inoc.  0.2ml. 

1 

of  1:10  dilution, 

1 

1 

37  C. 

l6  days 

Ole  sulk  1951 

20-30  C. 

52  days 

1 

11-36  C. 

145  days 

3-6  C. 

193  days 

-26  C. 

53B  days 

1 

Biarlap,  inoc,  0.5ml. 

1 

37  C 

Ik  days 

1 ft  If 

^ 20-30  C. 

l6  days 

1 

11-36  C. 

108  days 

. 3-6  C. 

123  days 

, -26  CV 

538  days 

Foot  & Mouth  virus 

dJlass,  dried  on,  R.T., 

kept  chem*  dry 

2 years 

Burbury  1928 

Glass,  dried  on,  62  P., 

10  days 

^2^  humidity 

^ Glass  slides,  dried  on. 

1 hr. 

Topley  1946 

exposed  to  August  sun. 

1 •* 


TABUji^l/7 


THE  SURVIVAL  OP  VIRUSES  ON  SURFACES 


1 


Pactor(a) 

Survival 

Reference 

GLASS (CO NT *D) 

^ 1 

Influanza*  virus 

(Jlasa,  dried  on  surface, 

> R.T. 

Still  poaltiva  40  min, 
after  drying 

Anon. 

1943 

Glass,  driad 

Glass,  dried,  O.lcc  Inor, 

lx  10°  was  reduced  to 
<1x1 02  In  6 week! 
Recovered  none 

Edwards 

1941 

Glass,  ?2  C. 
Glass,  37  C. 

>4  weeks 
<1  week 

T! 

ri 

Glass  slides  soaked  vlth 
virus  8Uspio»,  dried. 

Between  1^  - 10^  recov, 
in  1 wk. 

Krueger 

1942 

kept  at  H.T, 
Nevrcastle  disease  vlrua 

1 

1949 

.Glass,  rei*rlg.  temp. 

Active  many  months 

Asplln 

Small nox  virus 

1 

Diluted  vesicle  fl.  dried 

' 

on  glass  slides,  dark 

daylight 

Pllterabli  vlrua 

84  days 
35  days 

Downle 

1947 

Film  on  Kleas  slide 

Retain  virulanee  15  mos. 

Burnet 

1906 

?apeR 

Foot  & Mouth  virus 

■ Paper,  62  P, , ^2^  R.H, 

2 days. 

Burbury 

1928 

Nevrcastle  disease  virus 
-filter  paper,  exposed  to 

1949 

dry  cond.,  98  P, 
Paper,  refrlg,  temp. 

Inactive  after  12  hrs. 
Active  many  months 

Asplln 

Filter  paper,  inoo.  0.2ml, 

28  days 
25-49  days 

37  C. 
20-30  C. 

Ole sulk 

1951 

11-36  C. 

129  days 

3-6  0. 

157  days 

-26  C. 

538  davs 

RUBBER 

Influenzae  virus 

Rubber,  R,T, 

40  mln»  after  drying 
still  positive 

Anon. 

1943 

OTETO 

Foot  & Mouth  virus 

Temp.  3.5  & 5.5  C,,  if 

6 months 

Traum 

1934 

kept  moist 

, dried  rapidly  In  a 

105  days 

' vacuum 

On  infected  premises 
Tobacco  mosaic,  virus 

345  days 

w 

• n 

Cured  tobacco  leaves 
Sm^ll  nope  virus 

31  years 

Valleoy 

1*927 

Crusts 

Swine -fever  virus, 

Brlckf  autoclaved,  driad 

" many  yaare" 

Pulvertaft 

1947 

3 days 

Slavlh 

1930 

. Hay,  autoclaved,  dried 

3,  days 

by  S%  eoln,  pure  phenol 
available  chlorine. 

Vlrua  desWeyed  in  IS  min, 
and  hypochlorite,  1,66  % 

Slavin 

1938 

TABLE>J^/;tCOWT'DV.  THE  SURVIVAL  OP.  VIRUSES  ON  SURFACES 


Pactor(s ) 

QEjrERAL(CONT'D) 

Inf lutnzae  virus (Kalbourna ) 

Talc,  dried  with,  priglnel  Recovered  none 
titer  10“3 

Mucin  In  air,  dried  ’dfch, 
orglnal  titer  lO-^ 


Recovery 
45  <3  ays 


positive  In 


Refe rence 


Parker  1944 


THE  STfRVIVAL  OP  YEAST,  MOLDS 
AND  PUNOI  ON  SURFACES 


Prctor(a ) 


DUST 

Molds 

Dust  in  air  during  dust 
storm 


FABRICS 

Trichophyton  intwrdjgltale 
Woolen  jersey 
Trichophyton  gypse\un 
(iottbn  string  and  linan 

Microsporon  audouni 
Cotton  string 
Microsporon  X o C S 
Cotton  string 
Fungi  sporfeij 

SlotM  nff,  spores  carried 


PAPER  ■ ••  • i 't 

Trichophyton  gypseum 
Filter  paper 

Molds 

Cardboard  strips,  spores 
ultra-violet  light 
Yeasts  ■ 

Whatman  # '^0  paper,  veter 
susp'n.  sprayed,  1.?  min. 

exposure  to  short  vaveg 

GENERAL 

Microsporon  audouini 

Hair  planted  on  Sabouraud 
Fuyi 

Hand  teh  phone 
Molds 

Hand  te]e  phones 
Telephones  with  separate 
receiver  and  transmitter 

;ija. 

Han<v  t e 1 e phone  s 
■ Telephones  vlth  separate 
receiver  and  transmitter 


Survival 


I usually  high  counts 


Reference 


?.  months  Goul 

t 

Several  months,  at  least  Shaw 
10P-34^  days 

At  VM_e7A  Am-nm 

Alt  lo  ast  102-23^  days 


' 102-346  days 

I None  entirely  killed  Appling 

1 \ ' 

| \50  % killed  Lion 


420  days 

$.’^5  % organism 

organiams 

11,10^  organisms 

47.92^ 

11. lo;^ 


Proctor 

1935  ' : 

Gould 
Shaw  . 

1931 

19li4 

„ 

Smith 

1943. 

Shaw 

1944 

Appling 

1941 

Lion 

1949 

Paris  y 
Smeall 
Smaell 
Smeall 


1921 

1937 

1937 

1937 


i i 


Reforeneas  (Surfacea) 

1»  Abal,  T,.  1893  Beltrap;  zur  ProJsa  von  der  Lebanadauar  die 
Dlphtorlebaclllen,  Cer+'r,  Bakt.,'  7?6-76l,. 

2m  Abal,,  T„  1895  Versuehe  flbar  daa  Veimaltan  dan  Diphtopr- 
baclllen  gegan  dla  Elnwlpkung  dap  Wlntarkllba*  CentP*. 
Bakt.,  1 Abt*  (Orlg*),  17^  545-050^ 

3*  Abal,  R*  1897  Zur  Konntraira  dea  Peatbpclllua*  Centr,.  B?kt» 

. n,.  497-517..  , , 

4*  Albert,  J*0*,  Long,  H,P*,  and  Hammap,  B*W*  1944  Claaaiflca- 
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THE  SURVIVAL  OP  BACILLUS  SPECIES  IN  WATER 


Factor ( 3 ) 


Survival 


Reference 


NATURAL  WATERS 

Bacillus  anthracis 


Tap,  20c 

|6  do 

Bolton 

" 35c 

55  hr. 

II 

Lake 

'12  yr. 

Anon. 

Well 

36  hr.. 

Etmorich 

Water,,  laboratory  ccndi- 

18.5  yr. 

Hastings 

tion 

Raw 

5 nro.- 

If 

Tap,  11  13c 

3 do 

Hochstotter 

" 18 -20c 

Spores  15*1  d. 

!V 

Water 

72  hr. 

Karlinskl 

Tap^  R,.Tu,  in  anleen 

di  yr.. 

Konradl 

" " " culture 

^>.164  do 

11 

” ” " aporos  on 

. - Rib  d. 

ft 

3 ilk  thread 

Tap,  body  tomp . , in  cplooik  3 yr. 

If 

” " ” ” cult  . 

264  d. 

11 

” " “ 3 pore  3 

1 4 4-  d , 

ff 

on  silk  tViread 

Ster.,  R..  in  spleen 

3|  yr. 

f! 

" « tt  rt 

^ 261j.  u. 

It 

” ” " spores  on 

> Bi6  d. 

It 

silk  thread 

Ster^y  body  terp,,  in 

1 yr  . 

« 

spleen 

StOTo,,  body  ter'ip..,,  xri 

264.  d. 

It 

cult„ 

Ster,  y " ” spiores 

144  d. 

on  silk  tnroQd 

Veil,,,  tap,.  lOg-C 

Inoco  1050  'llOOy  3 d. 

hr  QUO 

Stero  muddVy  ate, rod  in 

>2  yr . 

Minott 

bottles  in  pond  </n 

plains 

Lake 

12  yr„ 

Morris 

StOi'rnant  pools 

Viable 

Naik 

River,  30-3!?y  7-lOC 

Recov.  34,800y  2 d. 

Wolf  f hup- el 

Filtered  rivoro  35 :■  7 iOC 

Rocov,  ,'j  immediately 

It 

Bacillus  yell.ow  sn„ 

Tap 

20R  d . 

Hochatettei 

DISTILLED  WATnH 

Bacillus  antirrocis 

Dlst.,  and  filtered  well. 

90  d. 

Bolton 

20c-  35c 

3t  e r 0 d i 3 1 n 

30  inc. 

Has  tint"  s 

Disto 

Stores  134  ti« 

Hochstetter 

Dist-v  R..T»y  in  cult.  i 

'>  264  do 

Konrad! 

” ” *’  spleen  j 

3a  yr. 

II 

" body  temp),,,  In  1 

£!t)4  do 

ft 

cult,  ! 

Dlsu.y  " ” ” ;3^  yr. 

11 

sploon  ! 

1806 

1921 

1889 

1928 


n 


1887 

n 


1889 

1904. 

It 


It 

« 

II 


II 

M 

II 


II 


tt 


1887 

1950 


1921 

193- 

l8Bc 

It 


loOi 


1H86 

192 

1837 

1904 

ff 

It 


If 
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THE  SURVIVAL  OP  BACILLUS  SPECIES  IN  WATER 


Paotor(s) 

Survival 

Reference 

NATURAL  WATERS 

Bacillus  anthracia 

1886 

Tap,  20C  j 

6 d. 

i Bolton 

" 350 

$$  hr. 

Lake  ' 

12  yr. 

Anon. 

1921 

Well 

36  hTo 

Emmerich 

1889 

Water,  laboratory  condl- 

18.5  yr* 

Hastings 

1923 

tlon 

]RftW 

Tap,  11-13C 

$ mo. 
3 d. 

Hochstetter 

1887 

• 18-20C 

Spores  IS4  d. 

ff 

Water 

72  hr. 

Karllnski 

1889 

Tap,  R.T.p  in  apleen 

3^  yr. 

Konradl 

1904 

” * " culture 

>264  d. 

If 

” " " spores  on 

>816  d. 

n 

e 

silk  thread 

Tap,  body  tempo,  in  spleei 

1 3 yr. 

« 

It 

" " " " cult  . 

264  d. 

It 

ft 

" ■ " spores 

144  d. 

n 

M 

on  silk  thread 

Ster,,  Ro  Tg,  In  spleen 

3i  yr. 

If 

tt 

" • n " cult. 

> 26k  d. 

If 

« 

" n « spores  on 

8I0  d. 

ft 

It 

silk  thread 

Star.,  body  temp,  in 

1 yr.. 

tt 

n 

apleen 

264  d. 

It 

Ster.,  body  temp.,  in 

fl 

cult. 

Ster. , ” " aixjrea 

144  d. 

tt 

N 

on  silk  thread 

Veil,  tap,  lO^C 

Inoc.  1050-1180,  3 d. 

Kraus 

1887 

Ster.  muddy,  stored  in 

> 2 yr. 

Mlnett 

1950 

bottles  in  pond  on 
plains 

Lake 

12  yr. 

Morris 

1921 

Stagnant  pools 

Viable 

Naik 

1938 

River,  30-35,  7-lOC 

Recov.  34,800,  2 d. 

Wolffhugel 

1886 

Filtered  river,  35,  7 "-10C 

Recov.  If.  immediately 

It 

It 

Bacillus  yellow  sp. 

Ta£.  . 

208  d. 

iHochatetter  1687 

DISTILLED  villiiSl 

Bacillus  anthracia 

Disi.  and  filtered  well. 

90  d. 

Bolton 

1886 

20C"  35c 

Ster.  dlat. 

30  mo. 

Hastings 

1923 

Diet. 

Sporoa  154  d. 

Hochstetter  188? 

Diatg,  RoT.,  In  cult. 

> 264  d. 

Konradl 

1904 

* " " spleen 

2k  yr. 

n 

tt 

'•  body  temp  o , in 

264  d. 

tt 

cult. 

2k  yr. 

Dlat.,  « « w 

n 

ft 

spleen 

TABLE  Lc/  (CONT'D) 


THE  SURVIVAL  OP  BACILLUS  SPECIES  IN  WATER 


Paotor( s) 

Survival 

Reference 

DISTILLED  WATT3R 

Bacillus  anthracls 

il^lst.,  floTuy  eporea  on 

>816  d. 

Konradl  1904 

sLlk  thread 

Dlsttj,  body  tempu«  spores 

>144  d. 

n II 

on  silk  thread 

Kruse  1897 

Dlst.,  2^Cp  direct  sun. 

Inoc.  8000  coin.,  2 hr. 

strong  wind 

Up  to  80  d. 

Panlsset  1925 

Dist. 

tt 

20  moo 

Sirena 

Stero  distils  15"20C 

131  d. 

Strauss  I889 

Dist  0 

90  d. 

T.  & W.  1946 

Bacillus  cereus 

Inoc.  100^,  2^  in  120mln. 

Dist op  pH  6 

Winslow  1927 

M « y 

« " 40*^  " " " 

n « 

■ "8 

n n ” »i  « 

n 11 

M II  ^ 

" centrlfuglngp  pH  6 

If  N ”7 

II  • "8 

« II  11^ 

« II  II  n « 

* 12,000, 000/cCi 

Recov,  9p000/cc;  60  " 

InoCo  17. ,000,000/ccj 
Recov.  3f000/ccs  60  ” 

Inoc.  242,000,000/cc; 

Reoov.  12800/cc;  60  " 
Inoc.  271p000,000/cc; 
Recov.  10200/ccj  60  " 

ft  It 

It  11 

n II 

II  e 

n N 

Bacillus  ineKathar Luin 

Inoc.  looses  61^  in  90mln 

Dist 0 n pH  ^ 

« • *7 

n n 

" " 1325^  " " " 

ti  n 

H m ^ 

" " 71?f  " ” ” 

n e 

n II  g 

« " 82^  " " " 

11  11 

Bacillus  sppo 

till.  , l#:i7C 

12d„ 

Hochstetter  I887 

Dist. 

Relatively  short 

Zobell  1932 

RddlSva  g RoTo 

4“S  wk. 

M It 

ICE 

Bacillus  nesenterlcus 

Ice 

Present 

Haines  1937 

SaCTITSSEuTIoES 

SEA 

Bacillus  anthracls 

Sea,  bouillon 

Inoc.  exclusively p 5 d. 

De  Oiaxa  I889 

" agar 

**  very  few,  1 d. 

1 t1  M It 

1 

20  no. 

Sirena  1894 

3ter«  sea.  bouillon 

Inoc.  10^2.  36  d. 

De  Glaxa  1389 

sewa6e 

Bacillus  anthracls 

Inoc.  lOpOOO/coj  19  d. 

Sewage p 

ailllssen  1950 

Mud  of  sewage p R.T. 

" " " 5 wk. 

M M 

Sedimentation  pond 

" " *•  >10  d. 

It  tt 

Sewage 

16  no. 

Sirena  I894 

othMs 

Bacillus  anthracls 

"“SeIfzer7TT=I3^and  l8-20(i 

' 1 hr.  and  spores  1^4  d. 

Hochstetter  I887 

TABLE  U/  3 


THE  SURVIVAL  OP  BACTERIOPHAGE  IN  WATER 


Paotor(s) 

/ 

Survival 

Reference 

NATURAL  WATERS 
Eo  oolt  Dhaee 

Tap,  pH  7.5 » k$-7BC 

Water,  pH  5.2,  alkaline 
S.  typhosa  phase 

Water,  pH  5.2,  alkaline 
1 Rivers  of  cities 

So  paratyphi  phase 
Rivers  of*  cities 
Sho  dy sent arise  phase 
Water,  pH  5.2,  alkaline 
Micrococcus  nhap;e 

Water,  pH  5«2,  alkaline 
Vibrios  phapte 
Water 

Death  rate  of  first 
order 
Present 

Not  present 
More  In  summer  mo. 

m n m m 

Not  present 
Present 

Disappearance  of  Vibrios 

Chang  1950 

Marglnbau  1929 

H « 

DeAssumpeao  19l;3 

« « 

Marglnesu  1929 

fl  It 

D'Herelle  1926 

iJOTiiiSBinnfBR 

virus  Tp  phage 
^ blst. , daylight 

* white  hot  bulb 

after  72  hr.  of  Ir- 
ratlon 

0%  after  65  hr.  “ ** 

ration 

Latarjet  1951 

« It 

?A£Si}^  SOLtlTIONS. 

SEA 

S typhosa  phage 
Sea 

S.  paradysenterlae  phage 
Sea 

E»  coll  phage 
Sea 

General  phage 
■■  Sea  ■ 

Recov.  105^  in  7 d. 
Recov.  9%  In  30  d. 

m n n » n 

Longer  than  bacteria 

Guelln  19i|-B 

If  n 

n n 

m « 

SALINE  SOLUTibKs 
PHYSIOLOGICAL 

So  typhosa  phage 
Saline 

Sho  ^aradysenterlae  phage 

Eo  coll  phage 
Saline  ■ 

In  3 d. 
2^  in  2 d. 
1<%  In  2 d. 

Guelln  19i|.8 

n m 

tt  n 

SEWAGE 

General  phage 
Sewage 

• 

Varies  seasonally 

Beckwith  1930 

TABLE^^  y 


THE  SURVIVAL  OF  CLOSTRIDIUK  SPECIES  IN  VATSR 


Factor (a) 

1 

Survival 

Reference 

ICS 

Clostridium  botullnum 
"Ifefl 

lU.  mo. 

Tanner  1931 

SEVAOE 

Cloatrldium  perfrlnffens 

and 

aporogenea 

Qreer  1926 

Activated  sludge 

being  preased  and 
heated  was  present 

/ 


TABLE THE  SURVIVAL  OP  COLIPORM  BACTERIA  IN  WATER 


Pactor(s) 


Survival 


Reforance 


NATURAL  WATERS 
Eaoheglohla  ooll 
Polluted}  IbC 
" ^ 37C 

Well}  ovgilde  temp. 

* " " } with 

S.  typhlmurlum 
Well}  outside  tomp«j)  * 

S,  typhosa 

Well}  outside  tempo,  " 
Sh.  spp. 

Well,  R.T.,  pH  7. 8-0,2 

Water,  full  rad Ion  iron 
ore,  under  glass  cooled 
Tap  22C 
River,  35 “4C 
Water  plus  sunlight 
River  conform  In  tap 
River 

Water  plus  ultraviolet 
rays 

Water  plus  chloramine 


Spring 

Water 


Water,  25  Kg,  press o of 
carbon  dioxide 
Water,  Ro  To,  6-lOC 
weaklight 
daylight 
” natural 

" filtered 

" " and  heat- 

ed to  120C 

Iced  and  not  iced  water 
for  shlppment 
River 


River, 

If 


Recou  027;  72  hr. 

• 384}  " " 

Inoo,  1-301  of  Infected 
water,  55  d. 

6 d. 

30  d. 

30  d. 

Inoc.  6.3~9,8  million 

55  d. 

5-30  min. 

=•200  d. 

>6  d.  and  3 d.  resp. 
Inoc.  100,000,  1 hr* 

>70  d. 

Not  given 
Few  sec. 

Am’t  of  chloramine  and 
length  of  exposure 
effeot  survival 
Longer  than  has  been 
reported 

At  constant  pH  and  rise 
In  temp.  E.  ooll  dies 
faster  than  S.  typhosa] 

>5  d. 

Era tic  fluotlons  In  cts* 
Inoc.  72,000,000;  4^  d. 


Albert 

ft 

Bartos 


1917 

ft 

1947 


« 

ft 


II 

« 


Bazzonl 


1914 


Bigger  19^ 
Bogolyubov  194® 
Buchner  1892 
Burke  1931 
Butterfield  1928 
Bujwld 

Butterfield  1948 


n 

tt 

II 

n 


« 

n 

n 

w 


If  It 

07  d. 

n II 
n If 


Well 
Unater. , 

If 

Water 

Surface 


cold  '6c 
hot  370^ 


Little  importance 

Isolated  every  test 
period 

Srows  in  pump  grease  for] 
contamination 

Prolongs,  84  d. 

Curtails,  8-10  d. 

Death  increases  with 
temp* 

Rarly  occur  on  long 
storage 


Catalano 

Cohen 

Colin 

Cox 

Arlolng 

If 

II 

« 

N 

Ellison 

Ford 

Frantsev 

Hale 

n 

Hinds 

Holwerda 


1947 

1922 

1915 

1949 

1931 

ft 

m 

ft 

M 

1928 

1912 

1935 

1910 

II 

1932 

1928 


m 


/ 

TABLE *3  (OONT’D)  THE  SURVIVAL  OP  COLIPORM  BACTERIA  IN  WATER 


Faotop(s) 

Survival 

Reference 

NATURAL  WATERS  ( oont  < d } 
Esoherlchia  coll 

! Horrooks 

k«13.  R.  T.  . 

31  d. 

1903 

River t RqTo 

2 mo. 

a 

Star,  river 

2-3  mo. 

m 

n 

River,  winter 

After  10  hr.  605^ 

Hoskins 

1935 

" summer 

* •»  " 67. 35^ 

n 

n 

River,  cold 

Prolongs 

Houston 

1911 

" hot 

Curtails 

n 

Tap,  20C 

Dies  rapidly 

« 

1912 

Ship  tanks,  27C,  purified 

Inoc.  lOOcc,  25  d. 

Jones 

1936 

lOx 

Tank  not  cleaned  for  7 mo. 

" I4.cc,  514-  d. 

m 

II 

19C 

Tank  uncleaned  for  15  no. 

! " lOOOcc,  15  d. 

ff 

n 

Steam  ster.  lake,  R.T., 

jinoc.  1925,  262  d. 

Jordan 

1895 

dark 

Water 

Not  given 

Kister 

1930 

Tap 

!6l  d. 

Kusama 

1925 

Natural  plus  chlorine 

Pethogenes  found  on 
occasion 

Levine 

1947 

Star.,  10-35  C,  diffuse  s\r 

13  d. 

McN aught 

1910 

" 12-15C,  inside 

>15  d. 

It 

41 

window 

Ag  treated  water 

P at  30  min. 

Mallmann 

1937 

Water,  12C 

Recov.  1236,  1 d. 

Maccolln 

1946 

fl  ft 

" 756,  6 d. 

ft 

tt 

" 170 

" 989.  II4  d. 

" I2I48,  114.  d. 

n 

N 

« M 

If 

ft 

Well,  R.T.,  0.35-0.655^  CIJ 

2-5  mo. 

Hazzeo 

1940 

traces  of  nitrate  and  ! 
nitrite 

Water 

2-3  wko 

Ministry  of 

Heal' 

1934 

1939 

m 

Low  cone,  of  Cl  stimulate 
growth 

Nordgren 

Commercial  spring,  20C 

Inoco  99,750,000s  Recov. 
<10?  kS  d. 

Obst 

1919 

Ster.  river,  l8c,  dark 
« " " diffuse 

Inoc.  27, 000/co j Recov. 

14.,900/ccj  7i  d. 

Inoc.  27,000/ccs  Recov. 

Platt 

1935 

Oj  52  d. 

« 

ft 

" " 37C,  dark 

Inoc.  27,000/oc;  Recov. 
0?  30  d. 

« 

m 

" " 0-2C 

Inoc.  27o000/oc;  Recov. 
3,900/ccj  73  d. 

n 

N 

" " dark,  l8c, 

with  E.  coll  end  A.  aer- 

Inooo  57p000/oc;  Recov. 
9j>700/CO|  73 

M 

m 

ogenes 

Inoc.  57p000/cc;  Recov. 

420,000/00?  73  d. 

Ster.  river,  diffuse,  18Q, 
with  E.  ooli  end  A. 

If 

tt 

aerogenes 

TABLB^yl/*?  (CONT‘D)  THE  SURVIVAL  OP  OdfetPORM  BACTERIA  IH  WATER 


Factor(a) 

NATURAL  WATERS  (cont<d) 
Esohorlchla  poll 

Sterc  rlvap,  dark,  370, 
with  Ee  ooll  and  A. 
aerogenas 
Raw  river,  0-2C 

**  dark,  180 

" " diffuse  light, 

18C 

Raw  river,  incubator,  370 

" " dark,  18C 

« * 0-2C 

" *•  diffusa,  l8c 

" " incubator,  370 

Stored  river  in  open  ma- 
sonry tank  durAing  mon- 
soon and  hot  weather 
Tap,  litmus  lactose 
" dextrose  liver 
Bottle  of  water,  litmus 
lactose 

Bottle  of  water,  dextrose 
liver 

River,  26c,  tank  not 
cleaned  for  7 inoo 
River,  28c,  tank  not 
cleaned  for  1$  ir»o  = 
River,  28c,  tank  cement 
washed 

River,  Tank  empled 

without  cleaning 
Streams,  cold 
" hot 
Raw,  ultraviolet 
Stagnant 
Water,  13-170 
"Water,  dark,  stored 
Deep  well,  220,  on  agar 


220,  on  gel. 


Survival 


Inoo . 57»000/ooj  Recovo 
0;  30  d. 

Inoo.  normal  river  flora 
Recov.  0;t>29  d. 

Inoo.  normal  river  flora 
Recov.  0;  >1  <5  d. 

lnoc.  normal  river  flora 
Recov.  0;^  1 <5  d. 

Inoo.  normal  river  flora 
Recov.  0;>1  <5  d. 

lnod.  >10,000;  Recov.  0, 
>1  <5  d. 

Inoc.  >10,000;  Recov.  0, 

>5  <9 

Inoo.  >10,000;  Recov.  0, 
<9 

Inoc*  >10,000;  Recov.  0, 

>5  <9 

^1|.  no. 


Reference 


Platt 


Raghavaohavl 


4.8  d. 

04.  d. 

25  d. 

36  d. 

Recov*  present  in  lOOOcc, 

54.  d. 

Recov.  ” " 3OOCC, 

14-  d. 

Recov.  present  in  12,$cc, 
0 d. 

Recov.  present  in  lOOcc, 
7 d. 

Prolongs 

Curtails 

Inoo.  1500,  15  sec. 

Dies  rapidly  in  summer 

Increase 

=►20  yr. 

Inoc.  84./CC,  Recov.  3500: 
24.  hr. 

Inoo.  84./00,  Recov.  l8/c 
24.  hr. 

Inoc.  23/cc,  Recov.  1.70C 
/cc,  24.  hr. 

Inoc.  127/co,  Recov. 
86/cc,  24  hr. 


Rector 

« 


Royds 


Ruediger 

Schwarz 

Stundl 

Taylor 

Teissier 

Thresh 


TABLE  (CONT'D)  THE  SURVIVAL  OP  COLIPORM  BACTERIA  IN  WATER 


Fact or (a) 


Survival 


Reference 


ater,  after  eenterifugl 
1 hr.  later 
Water,  37 C,  4 

n n n I 

• N * 7 

" - « 7.^ 

« •*  « 8 

Boiled  or  steamed  liard 
water,  capsulated  non-~ 
exoretal 

Boiled  or  steamed  hard 

water,  noncapsulated 

exoretal 

River 

n 


Eaeherlehla  ooll 


" " 0-80 
" full  radition 
with  Hg,  under  r.;lass 
cooled 

Distilled  water  with  talc 
37C 

Distilled  water  with  talc 
22C 

Distilled  water  with 
EpMnOi,  and  KOH 

Douhle  dlst« 


; 280  d. 

131  d.  ^ 

Reoov,  1%,  9 hr. 

**  82%,  9 hr. 

106«,  9 hr 
; 54§7  9 hr. 

: III;  • : 

2-3i  yr. 


5 wk. 


45  d. 

d 


Dlat. 

N 


, gelose 
bouillon 


. 370 

litmus  lactose 
dextrose  liver 


s”! 


« « 6 

« "8 
m « 11 

« " 6-6.9 

Ster.  Dlst.,  370,  agar 
3 d. 

Dlst. 


311  mo. 
16  mo. 
30“5  min. 


220  d. 

335  d. 

72  hr. 

Longer  than  has  been 
reported 
d. 

2 d. 

7S  d 

4"7  d.,  K value  0.175 
33»0%  reduct/d. 

69  d. 

Died  more  rapidly  with 
Increase  In  temp. 

Up  to  74  d. 

48  d. 

Reoov.  1%,  4 hr. 

" 1155^,  4 hr. 

* 120J?:  ^ - 

**  4 hr. 

ost  favorable  zone 
0 d. 


Winslow 

e 

« 

« 

m 

m 

n 

m 

Wood 


1927 

fl 

1923 

n 

n 

m 

It 

e 

1943 


Webster 

ft 


1934 

N 


Ballantyne  1930 
n n 


Bazzonl 

1914 

Bigger 

1941 

It 

e 

Burke 

1936 

Catalano 

1947 

Cramarossa 

Duhot 

m 

1927 

1933 

n 

Heller 

1941 

Kusama 

Levine 

1925 

1921 

Panlsaet 

Rector 

1925 

1917 

Shaug^essy 

« 

n 

H 

Slater 


Greater  than  In  auMose  Tanner 


1925 

n 

m 

M 

1924 

1893 

19li]i 


TABLE  /U/*)  (CONT«D)  THE  SURVIVAL  OP  COLIPORM  BACTERIA  IK  WATER 


i 


Factor(s) 

Survival 

Reference 

DISTILLED  WATER  (cont'd) 
Escherichia  coll 
Dist.,  6O-142G, 

Inoo.  16-20  hr.  cult.  In 

Tlntl 

1923 

t 

It 

6 cc  water,  1 hr. 
74  d.  ^ ^ 

Webster 

1934 

" pH  6 

Inoo.  84$C  at  1 hr.. 

Winslow 

1923 

tt 

VA.*  — ■ , 

Reoov.  77  at  24  hr. 
93. 75^  recov. , 24  hr. 

Zobell 

Escherichia  eoll 
loe,  clear  and  core 
Ice 

IcOp  > 20C 
-2C 
-6C 

Glucose  tapv  -IOC 
Tap,  -20C 


n 

M 


Water, 

-200 

Dlst, 

-21  to 

-78c 

Water, 
Dlst  0 , 

-8  to 
-IOC, 

-30c 

pH  6.5 

• 

‘•20C, 

pH  6.5 

a 

-IOC, 

pH  5 

m 

-200, 

a a 

m 

-100, 

" 3.6 

m 

-20C, 

a a 

a 

^40 , and 

Fewer  alive  In  clear 

3-5  d. 

Inoo.  Oulcc  suspno , l63d 
" " *•  11  d 

93-995^  death 
00^  death,  3 hr. 

3 wk. 

Many  no.,  netablllsn  and 
the  protection  offered 
by  the  medliun  effect 
llnoc.  10,000-100000/ml. , 
more  resistant  to 
freezing  than  thawing 
30  d. 

Inoc.  I5o20m/ec, 
killed  1 Wc  . 
llnoc.  I5.20n/co, 
killed  1 wk. 
llnoc.  2,310,000; 

killed  32  wk. 
llnoc.  2,310,000; 

killed  32  wk. 
llnoc.  1. 5-2, 0n/cc; 

killed  1 wk. 

|lnoc.  1.5-2.0m/cc; 

killed  1 wk. 

{Long  tine 


99. 95^ 

m 


SEA 

Escherichia  coll 
River  and  sea 


Sea,  filtered 
" unflltered 

Infected  by  ducks 

« 


n 

« 


Seitz  filtered 

m m 


autoclaved 
Sea,  " „ Seitz 

filtered,  pulp  di  so 
Sea,  Seitz  flit , 60C 
« " " loOC 


{Bacteriophage  effect 
survival 

llnoc.  500,000/co;  >35  d, 
" 1,200/cc;  >35  d. 

Present 
2 d. 

4.  d. 

39  d. 

10  d. 


I 


d. 
'27d. 


Chrlstonanos  I898 
Praenkel 

1937 

« 

1918 

ft 

1913 

M 


Haines 

ti 

Hilliard 

H 

Keith 


Lund 

Lu-Tl-Huan  1930 
McFarlane  I94I 

ff  n 

m « 

w n 

If  ft 

n ft 


Tanner 


Arlolng 

Beard 

ft 

Bldwell 

Gohar 

ft 


tt 

ft 


1925 

1935 

1950 

1948 

m 

If 

« 

If 

tt 


TABLE  tjl  (CONT'D)  THE  SURVIVAL  OP  COLIPORM  BACTERIA  IH  WATER 


i' 

Factor (a) 

Survival 

Reference 

SALINE  SOLUTION 

SEA 

Eaoherlohla  ooll 

autoclaved 

Ouelln  1946 

" not  autoclaved 

a a 

■ 20C 

Dies  rapidly 

Houston  1912 

Ster.  aeaj,  22C 

Inoce  gelatine  lactose. 

Vlolle  1942 

Recov,<100,  80  d. 

Sea 

Could  not  be  Isolated 

Zobell  1941 

Salt  lake 

Sewage  bact  Recov.  h.,B% 

a 1937 

2k  hr. 

PHYSIOLOaiCAL 

Escherichia  coll 

13^  no. 

Ballantyne  1930 

" RoTo 

31t  rao. 

a a 

Fhyslologlea].  soln. , 

5 min. 

Bazzonl  1914 

full  radltlon,  under 

glass  and  cooled 

^ Saline 

32  d. 

Cranarossa  1927 

9 * g cultured  In 

7 d. 

Duhot  1933 

geloae 

Sallncp  bouillon 

>90  d. 

a a 

m 

K value  0.005,  17. 7J^ 

Hell  er  1941 

reduction  1 d. 

( 

NaCli  l4gM  soln.,  2 

Recov.  2%,  ii  hr. 

" 65%,  4 hr. 

Shaughnesay  1925 

n N ■ n 0 

" OjC  4 hr. 

ft  « 

« N n n ^2, 

a a a a 

a a 

■ O.lk^M  ■ "2 

« H « « 0 

a a a a 

" 88ji,  4 kr. 

a a 

a a 

a a a a 0 

" 112%,  4 hr. 

a a 

a a a a 

• 0%,  4 hr. 

a a 

" 0,0145m  " "2 

• ,1^,  4 hr. 

a a 

a a a a 0 

" 915^,  ” " 

a a 

a a a a 0 

• 60%,  " " 

a a 

a a " " 11 

_•  0%.  4 hr. 

a a 

seWaoe 

Escherichia  coll 

"Sewage 

Cts.  higher  In  summer 

Allen  1949 

than  in  winter 

" plus  cloroben 

50-90%  killed 

Brown  1947 

" In  streams 

Found  12  ml.  below  out- 

" 1916 

let,  on  sunny  days 

2.9  ml. 

Sewage 

Milt,  on  storage  at  high 

Butterfield  1933 

temp. 

" , aerated  62  hr. 

Inoc.  1:300,  6 hr. 

Carlson  1943 

" and  irrigation 

Not  given 

Chapman  1935 

water 

^ Sewage 

Not  sufficient  to  cause 

Crawford  1940 

disease 

' f 

Sewage  ordinary 

53-65  d. 

Firth  1902 

( 

TABLE  (CONT'D)  THE  SURVIVAL  OP  COLIPORM  BACTERIA  IN  WATER 


Pactor(fl) 
. ,« 

SEWAGE 

Eaoherlohla  coll 


Gruda  a e wage 
Sewage  with  phoaphate 
buffer 

River  plua  aewage 
Sewage  held  in  parchment 
bag  In  running  water 
Star*  water  and  fecosj  2C 


Fecea  and  natural  water 
Sewage u winter 
**  8\anmer 
JATURAL  WATEli^ 

Escherichia  Intermedlvun 


Water,  37C,  pH  I4. 

••  II  •> 


•*  " " 8.0 
Aerobaoter  aerogenea 
Well 

River,  Ster.. , ice  chest 
0-2C 

River,  ster.,  dark,  l8C 


Survived 


12  d. 

>1+  d- 

After  1^.6  hr.  60^ 

InoB  . 190  T,  Recov.  30/c 
7 d. 

Inoc.  4i> 700, 000/e e at 
31  d.,  Recov.  38»750/c 
278  d. 

2 d. 

>26  d. 

>7  d.  


Reference 


hS  d. 
3I+  d. 


River,  star.,  diffuse 

light,  18c 

River,  ster.,  Incubator, 

37c 

Raw  river,  Ice  chest, 

0-2C 

Raw  river,  dark,  I80 

Raw  river,  diffuse  light, 
18C 

Raw  river,  incubator,  37C 


Ster.  river,  ice 
0-2C,  plus  E.  coll^ 
Ster.  river,  darlt^ 
plus  ,B.  C0I4L  ' 

Ster.  river,*  dlrfuse  l^h 
18c,  plus  E.,  coli_ 

Ster.  river,  'incubator, 
370,  plus  E*  coll 
Water  before  contaminatlcn 
37-22C 


Recov.  1^,  9 hr. 

*•  82J5,  9 hr. 

« 106%,  9 hr. 

" " " 


>1  yr. 

Inoc.  30, 000/co } Recov. 
0,  21  d. 

Inoc.  30,000/cc;  " 

l^.,900.ccj  7.3  d. 

Inoc.  30 » 000/co j 
420,000/ccj  73  d. 
Inoo.  30,000/oo;  " 

0,  1 d. 

Inoo.  normal  river, 

, Recov.  0,  >29  d. 

Inoo.  ttbnnal  river, 
Recov.  0,  >9  <lll.  d. 
Inoc  • normal  river, 
Recov.  0,  >1<5  d. 
Inoc.  normal  river, 
Recov.  0,>p  <9  d. 
Inoo.  57,000/ocj  Recov. 

■6,900/cc,  73  d. 

Inoo.  ^7,000/cCji  Recov. 

9,700/ccj  73  d. 

Inoc.  ^7,000/ccj  Recov. 

420,000/oc!  73  d, 
Inoo.  $7,000/cc;  Recov, 

0,  30  d. 

Recov.  23-30,  1 d.  and 

35-51,  56  d. 


Firth 


1902 


Heukeleklan  1933 
Hoskins  1935 

Rogers 


Savage  1917 
Shlmomura  1935 


Webster 

« 

Winslow 

n 


Caldwell 

Platt 


Gray 


TABLE  (OONT’D)  THE  SURVIVAL  OP  OOLIFORM  BACTERIA  IN  WATER 


Faotor(s) 


Survival 


Raferenoo 


NATURAL  WATERS  ( oont ‘ d ) 
Aerobaoter  aerot^enes 
•"Va'ier, 

Tap,  diffuse  light 
Water  plus  E.  coll 


Tap  plus  Eu  coll,  diffuse 
light,  and  dar^, 
Aerobacter  cloacae 
hiver 

Aerobaoter  spp. 

Water,  12o 

m m 


Prevalent 

Inoc.  Recov.  11%, 

60  d. 

98-995^  reduction  10  d. 
A.  aerogenes  decreased 
more  rapidly 
Eo  coll  died  more  rapid 


Taylor 

Winslow 


Itl 


m 

n 


17C 

« 


Constant 
Recov.  iSOij., 

” 7800, 

" Innumerable 


1 d. 
6 d. 


Ford 

Naccollnl 

m 


1912 

1946 

« ' 

« 

fi 


SESTiLl5S“WAfM5 

Escherichia  Intemedlum 
Dlst. 


3EBS5E 

Aerobaoter  aerogenes 

Cz*ude  sewage  and  . effluent 
Ster«  water  plus  feces, 

20c 


59  d. 
62  d. 


Webster 


1934 

« 


About  the  same  as  E.  col: 
Inoc.  4»700,000  at  31  d. 
Recov.  38, 750/co j 278d 


Atkinson 

Rogers 


1934 

1918 


TABIE 


THE  SURVIVAL  OP  LEPTOSPIRA  SPECIES  IN  WATER 


Factor(s) 

NATURAL  WATER 

L«  Icterohaemoryhaglae 
water 

Water,  5~32C 


River,  pH  7. 1-7.0 
Tap  with  ijS  seiMiirij 
pH  7. 2-7. 3 
River 




Survival 

' 

Reference 

Months 

Buohannan  1927 

3-9  d* 

Chang  • 1948 

30-‘^2  d. 

If  ^ 

16-18  d. 

e e 

Ij.  wk» 

n e 

5-6  d. 

M « 

>3  mo. 

« H 

ij.8  hr. 

Noguchi  1918 

Inoc.  Ico.  active  cult., 

Sawyer  1928 

55  d. 

Inoc.  Icc.  active  cult., 

ti  « 

55  d. 

Inoc.  1 cc.  **  " 

« n 

115  d» 


L.  Icterohaenorrhaelae 


SEA 

L.  Icterohaemorrhaglae 
^ea 

sevaop! 

L»  loterohaeinorrhaglae 
Sewage 

Polluted  water 
Poces  and  tap,  25“-32C 


18-20  hr 


7-8  d. 

Hore  In  suitimer  and  fall 
Inoo.  0.5co.  active 
cult.,  55  d. 


Noguchi 


Chan 


Chang 

Gardner 

Sawyer 


1918 


TABLE 


THE  SURVIVAL  OP  METAZOA  AND  PROTOZOA  IN  WATER 


Pactor(s) 

Survival 

Reference 

NATURAL  WATERS 

Endaxnoaba  histolytica 

1949 

■rfater,  R«T.  for  4 hr. 

2 d. 

Beaver 

^ 14c,  for  4 hr. 

<t  « 

M 

e 

" R.To  for  1 hr. 

4 d. 

n 

11 

" IkC  for  12  hr. 

if  « 

N 

fl 

" 20-314.00 

tl  M 

m 

ft 

Chlorinated  water 

Not  all  of  cysts  die 

Becker 

1946 

Waters  R.T. 

10  min. 

Bolduc 

1935 

" ultraviolet  raya 

Short  time 

Chamberlain 

- 

" 450 

Inoc.  1,100}  105  min. 

Chang 

1950 

" 470  1 

ti  « 32  " 

« 

ft 

" 490 

«i  ff  g N 

n 

ft 

" 50c 

n n 2 " 

n 

n 

" R.T. 

5 wk. 

Dobell 

1919 

Drinking  water 

Can  be  transmitted 

Hegner 

Waters  pH  6.5"6.7s  45- 

> 2 hr.  1 min. 

Jones 

1940 

54.5c 

Waters  ?cw.  deep^  sun  36c 

505^  left  In  2 hr. 

Kuenen 

1913 

Inoc.  50  cysts j Recov, 

If 

IT 

47;  9 d. 

1916 

Slow  running  water 
Trlchomonaa  vaginalis 

15  d. 

Penfold 

1948 

Water 

Anoylostona  duodenale 
■“'TlaTeTs’TroP^ 

35-45  min. 

Jerovic 

16  mo. 

Nlcoll 

1917 

Ancylo stoma  ap. 

1906 

Water,  by  lab  window 

12  mo. 

Loebker 

Neoator  amerlcanus 

Water.  bOP 

Ifl  mo. 

Nlcoll 

1917 

fclSflLESiT  iTAOT 

Endamoeba  histolytica 

Dlsti,", 

153  d. 

Boeck 

1921 

" taps  R.To 

14  d. 

Dobell 

1926 

Endamoeba  co  1 
tlat.p  12->^2C 
Olardla  Intestlnalls 

244  d. 

Boeck 

1921 

l2-S2c 

Chllomastix  mesnlll 

32-66  d. 

n 

ft 

gisb:'."lT>'22(3 

187  d. 

tt 

n 

^eWa6e 

Endamoeba  histolytica 

Sludge,  103(3 

Inoc.  500,000;  4^ 

Cram 

•1943 

Dilute  feces 
Ascarls  lumbrlcoldea 

>1  mo. 

Wenyon 

1917 

Sludge,  1O3O 

e « 

Egg  lives  3 min. 

^ " 151  d. 

Cram 

tl 

1943 

« 

62  d. 

Wright 

1942 

Aeylostoma  ap. 
Sludge,  lo50 

5 d. 

Cram 

1943 

Taenia  sapilnata 

Sludge,  digestion,  75-tJ5F 
Trlchurls  trlchlura 

Inoc.  600,000;  6 mo. 

Newton 

1949 

Sludge 

22  d. 

Wright 

1942 

TABLE 


THE  SURVIVAL  OF  MICROCOCCUS  VATER 


I 


Pactor(s) 

Survival 

Reference 

NATURAL  MATERS 

Micrococcus  aurantlacus 

22  d. 

Hochstetter 

1887 

Micrococcus  sotUo 

Tap,  20C 

2-4  d. 

Bolton 

1886 

Impure  filtered,  20C 

4-0  do 

« 

ft 

Tap,  35c 

2-4  do 

« 

tt 

Impure  filtered,  35C 

2-4  d. 

« 

n 

Unfiltered  well,  200 

4“0  do 

It 

tt 

" " 35c 

4-6  do 

« 

It 

Tap,  R„To , in  cult  „ 

508  d. 

Koxu^adi 

1904 

" " in  pus 

545  do 

M 

II 

” body  tempo,  in  cult. 

438  do 

ft 

tt 

« - « « pus 

511  do 

H 

m 

Stero,  RoTo,  In  cult  « 

30  do 

It 

fl 

" " "pus 

ti  It 

It 

n 

” body  tempo.  In  cull 

; 30  do 

9 

ti 

n n n " pua 

n n 

n 

« 

Swimming  pool  plus  01 

30  min. 

Ritter 

1948 

Stero  tap  without  01 

7 hro 

ft 

N 

Stero  soda  water,  37  C 

Inoco  agar  culto  48  hro 
old^  12  do 

SI ater 

1893 

Water 

10“20  do 

Velssfeiler 

1935 

DlsflLtEt)  water 

Micrococcus  pyoRenes  varo  a\ 

reus  (Stapho  aureus) 

Dlsto  1 

Micrococcus  pyoKsnea  varo  a] 

3T^o 

bus 

Cramarossa 

1922 

Dlsto 

4b  do 

It 

tt 

Micrococcus  sppo 

£>isillled  tap  and  well. 

20-30  do 

Bolton 

1886 

200 

Distilled  * « *• 

5-10  do 

II 

« 

350 

Distilled,  200 

2-ii  do 

N 

m 

" 35c 

2-4  do 

ft 

n 

g In  cuX^ (1 

30  do 

Konradl 

1904 

« * "pus 

n tt 

ft 

9 

**  body  tempo,  in  cult. 

438  do 

w 

n 

n n 9 m p^g 

4.69  d. 

n 

II 

Star,  dlsto,,  15-200 

21  do 

Strauss 

1889 

Dlst,  60-1420 

Inoco  16-20  hr.  cult, 
in  6 cc.  water;  1 hro 

Tint! 

1923 

Micrococcus  aurantlacus 

bistoo’  i'5-i7d 

22  do 

Hochstetter 

1867 

T51 

Micrococcus  pyofcenes  var.  ai 

reus  (Staph,  aureus) 

Water,  alternate  i*reezing 

Inoc.  111,782/cc;  96  hr. 

Prudden 

1887 

and  thawing 

Contaminated,  14-30F 

Rocovo  49»28o/cc;  66  d. 
Inoc.  10, 000-100, 000/ml. 
More  resistant  to 
freezing 

« 

N 

Dlsto,  -20  to  -780 

Lund 

L. 


TABLE 


THE  SURVIVAL  OP  MICROCOCCUS  SPECIES  IN  WATER 


Factor (a) 


Survival 


Reference 


SALINE  SOLUTIONS 
SEA 

MlorooooouB  pyogenea  varu  aureus  (Staph«  aureus) 

InoCt!'  36  d«  Do  Olaxa  I889 

" almost  exclusively  *•  " • 

9 d. 

Inoo.  rich  growth,  36  d,  " " " 


aureus  (Stapho  aureus) 
albua 

i?T3r 


Cramarossa  192? 


Mloroeoeoua  aurantlaous 


16  d. 


Hoehstetter  I887 


TABLE 


THE  SURVIVAL  OF  MIOROOROANISMS  IN  WATER 


^ Factdr(s) 

Survival 

Reference 

NATURAL  WATERS 

Alcalifcenes  faecal  Is 
lilver 

Oorraebaoterlum  dlphtherlae 

Constant 

3 d. 

30  hr. 

22  min. 

1 \k. 

Ford  1912 

Lomry  1929 

M M 

Bengtson  1925 

Korinek  1926 

Sp6p.  RoT« 

• 370 

Neisseria  (conorrhoeae 
Stcr«  tap,  370 
Bacterium  phosphorescena 
Fresh 

bisTiLL^)  water 

AloaliAenes  faecalis 
DX  s 0 

Neisseria  gonorrhea 
Stor.  disto,  j70 
Dlato,  18-220 

M MM 

/ 

18  d. 

22  min. 

Inoo.  2k  hr.  cult.,  Re- 
cov.  oO,U.%f  6 hr. 
Inoo.  4^  hr.  cult., 
Reoov.  705^,  6 hr. 

Cramarossa  1927 

Bengtson  1925 

Pieper  1930 

M « 

m 151 

^ Lactobaoillua  easel 

5IaT77"^^2rTo""^0 

Neisseria  gonorrhea 
Ice 

10, 000-100, OOO/ml,  more 
resistant  to  freezing 
than  thawing 

9-15  d. 

Lund 

Hampil  1932 

SALINE  SOLUTION^ 

PHYSIOLOGICAL 

Aloallpienes  faecalis 
Saline 

Neisseria  p'onorrhea 

Physiological  HaCl,  R«To 

• M N 

21  d. 

Inoc.  24  hr.  agar  cult. 

Recov.  79. 25^,  6 hr. 
Inoo.  48  kr.  agar  cult. 
Recov.  57.9^. '6  hr. 

Cramarossa  1927 
Pieper  1930 

M N 

"SBBKSS^ 

Bacterium  salnonlcida 
Domestic  sewage 
Sewage  after  removal  of 
original  sewage 

15  d. 
13-67  d. 

Duff  1940 

n M 

Hettohe  1937 

SALINE  SOLUTIONS 
SEA 

Ervsipelothrix  sp« 
Sea^  ater« 

• 

L wk. 

Hettohe  1937 

TA^ 


THE  SURVIVAL  OP  MICROORGANISMS  IN  VATER 
(Klebsiella, 0 Serratla^  Proteus,  & Pseudoinona) 


Pactor(s) 

"NATURAL  WATERS 

Serratla  maroescens 
Impure'  well,  ^00 
Vater,  spring 
Tap,  10-17C 
Raw  with  ultraviolet 
¥ater  plus  potato  Juice 
with  peptone,  diffuse 
light 

Proteus  BP. 

River 

Pseudomonas  pyocyanea 
Vater,  Hg  and  Fe  ore 
raditlon,  under  glass, 
cooled 

All  kinds  of  water 
Pseudomonas  sppo 
■"Dap',' 

Aerated,  22C 


bimiLES  tfSTBR 

Klebsiella  pneumoniae 
Distilled 

Star,  dist.,  15-20C 
Serratla  marcescens 

""prsiTp-'ggg 

" 350 

" 10-17C 

m 

Pseudomonas  .pyocyanea 
Dlatu,  3Tc 


Survival 


310  d. 

Present 
109-«98  d. 

Inoc.  250,000/ccj  15  seo, 
4-8  lu*. 


Pound 

1 min.  at  8 cm. 


Flourished 

14  d. 

Inoc.  4 d.  old  gel.  cult 
16  d. 


Reference 


Bolton  1866 
Mazurozak  1945 
Hochstetter  l8o7 
Schwarz  1911 
Symon  1947 


Ford 

Bazzonl 


1912 

1914 


Frankland  I886 

Hochstetter  I887 
Slater  1893 


« 

■ 


0-8c 


Pseudomonas  spp. 

'TIsIT,12-170^ 

" plus  Cu  1/1 0m> 


I5B 

Serratla  marcescens 
Mater,  -16  to  -1C 
Contaminated,  l4'*30F 
Mater,  -10  to  -I.IC 
Proteus  vulgaris 
Ice,  14^W 

Contaminated  water, 

30P 

Mater,  -10  to  -I.IC 
Pseudomonas  pyoyanea 
Ice,.  -5, “20^  .-70c  . 

Paeudomonas  f liiorescens 
Contam  inated,  llj.*' 


3li  moo 
Up  to  76  d. 
8 d. 

148  d. 
l4  d. 

7 d,  - 5 d, 
36  d. 

30  3/4  imo. 

3li  mo. 

25  mo. 

85  d. 

14  d. 

|2  hr. 


Balls  ntyne  1930 
Panisset  1925 
Strauss  I889 


Bolton 

n 


1886 

a 


Cramarossa  1922 


Ballantyne 


1930 

a 


Cramarossa  1922 

Hochstetter  I887 
IT.  Sc  M.  1932 


14- 


Continous  freezing  51  d. 
Recov.  6,300/co,  51  d. 

51  d. 

103  d. 

Inoc.  8,320/co;  Recov,  0 
51  dc 
151  d. 


80^ 

Inoc.  Innlmerable,  Recov. 

65,008/cc;>7  d. 


Hilliard 

Prudden 

Frankland 

Hilliard 

Prudden 

Frankland 

Haines 

Prudden 


1918 

1887 

1894 

1918 

1887 

1894 

1937 

1887 


TABLE  (CONT'D)  THE  SURVIVAL  OP  MICROOROAl'ilSMS  IN  WATER 

(Klebsiella,  Serratla,  Proteus,  & Pseudomona) 


Pactor(a) 

Survival 

' 

! Reference 

j 

SALINE  SOLUTIONS 
PEYSIOLOOICAL 
Klebsiella  pneumoniae 
“ 85^  Nad 

mo. 

Bal lantyne 

1930 

Proteus  sPo 
■■'■■Ssllne  ^ 

40  d. 

Cramarossa 

1927 

Pseudomonas  pyocyanea 

tyacl , 

30  3/4  mo. 

Ballantyne 

1930 

" * R.T.  i 

di  mo. 

« 

N 

Saline 

85  d. 

Cramarossa 

SEWAQE 

Pseudomonas  sp. 

Star,  sewage,  R^T. 

7i  mo. 

Rochalx 

1930 

<55i?lSRS' 

Serratla  marcescens 
■■  Seltzer', 

6-10  d. 

Hochstetter  1887 

Pseudomonas  sp. 
Seltzer,  12-170 

11  d. 

If 

If 

TABUS 


THE  SURVIVAL  OF  MIOOBACTERIUH  SPECIES  IN  WATER 


Factor (a) 


Survival 


Reference 


NATURAL  WATERS 

Myoobaeterl^  tuberouloals 
washings  from  oblldren^a 
hands,  R.T. 

Water 

Running  water 
Water,  winter 
Tap 

Ster.  river,  8-12C 
Unster.  " l5“«20C 

River  plus  boiled  aputuai 
Well  and  tap,10iC 
Water 

Water  susp''no,,  37 G, 

" * ice  box 

Canal,  diffuse  light,  R.T 
mixed  with  sputum 
Canal,  dark 

" diffuse  light  all 
weather 

Mve,  tuberculosis  (avium) 
'Stream 

Myo « paratuberculosis 
Intestinal  scrapings 
with  river,  outdoor 
temPo 

DISTitLto  WAT^ 

Myc.  tuberouloals 

blsi", 

m 

" , 0-8c 

Water  dlst. 

Dist.,  37C 


*•  Ice  box 

Star,  dlst.,  15-30C 
MyOo  paratuberculosis 

plat..  pon^7  tap,  and  mud 


>21  d. 

4i|-l  d. 

120  d. 

>1  yr. 

15  d. 

62  d. 

Nothing 

Inoe»  57,960-56,000 
Still  virulent  3“3i 
Inoc.  4-6  wk.  serum 
1-4  d. 

Inoc.  4-6  wk.  serum 

52-142  d. 

I 6^  mo . 

n n 

4i  " 


; 6 d. 
mo. 
cult 


940/oc;  73  d. 

Recov.  163  d. 


16  mo.  Ball an 

31^  mo.  " 

21  3/4  mo.  * 

>36  d.  Bartel 

<10  d.  Davies 

Inoc.  4-6  wk.  serum  cult  Morlya 
2-9  d. 

Inoc.  4"6  wk.  serum  cult,  " 

7-152  d. 


Augustine 

1929 

Bartel 

1908 

Briscoe 

1912 

Cadeac 

1868 

Causslmcn 

Chantemesse 

1888 

m 

« 

Oaustad 

Kraus 

1887 

Loeaener 

1896 

. Morlya 

1909 

ft 

ft 

Musehold 

1900 

n 

tt 

ft 

It 

Rhines 

1935 

Lovell 

191(4 

Ballantyne 

If 

1930 

It 

« 

N 

115  d, 

Reeov. 


Strauss 

Lovell 


1908 
1939 

1909 


1889 

1944 


Myc.  tuberculosis 
Dlst.  Ice,  dark 

iCili*S’6MI5»j5 
PHysiOLOOICAL 
Myc.  tuberculosis 

^85^'  ifl5r;"3Tc~ 

Isotonic  NaCl  0.9^ 


> 12  wk. 
12  wk. 


13i  mo. 
>88  d. 


Qloyne 

m 


1928 

e 


Ballantyne  1930 
Bartel  1908 


TABLE  UJlf  (CONT'D)  THE  SURVIVAL  OP  MYCOBACTERIUM  SPECIES  IM  WATER 


Pactor(s)  1 

Survival 

Reference 

SALINE  SOLUTIONS 

PHYSIOLOGICAL 
M7o.  tubereuloala  { 

0*9^  saline  1 

<k  d. 

Davies 

1939 

Saline p R.T*p  dark  J 

> 3#  nio.  <5  ino. 

Dudgeon 

1 

1914 

0.8^  NaClp  loe  box 

Inoco  i|.*6  wk.  serum  cult 

j 21  d.  ^ 

Morlya 

1909 

« " 37C  : 

; Inoe,  i^-6  wk.  " ** 

98  d. 

n 

tt 

" " loe  box  j 

inoc.  k-6  wk.  " " 

1 1S2  d. 

tt 

Sewage 

Myoo  tuberculosis 

Sewage  I 

Not  given 

Cummins 

1929 

" contaminated  rlveiH 

it  m 

: Dudgeon 

1914 

Waste  waterp  aammerp  dark 

4 mo. 

' Honkanen 

1947 

" *•  wlnterp  • 

5 mo. 

1 « 

tt 

*•  " " light! 

i).  mo. 

N 

Waste  water  from  abattoir 

Present 

Jepsen 

1940 

Sewage p environmental 

n 

lessen 

1910 

Canal  liquid  manure 

6^  mo. 

Husehold 

4 

1900 

at  RoT.p  diffuse  light 

Canal  liquid  manure p all 

6^  mo. 

It 

ft 

weather 

Canal  liquid  ” R.T. 

dark 

105  d. 

e 

It 

Canal  liquid  manure  and 

4 mo. 

« 

tt 

garden  soil,  exposed 
to  noon  sun 

1 

Canal  liquid  manure  and 

148  d. 

it 

tt 

garden  sollp  all  weath- 
er 

Canal  liquid  manure ^ all 

60  d. 

tt 

weather  and  noon  sun 

Inoc.  830,000/ml,  Recov. 

Sewage p 50C 

Pramer 

1950 

" 37C 

840, 000/ml p 1 hr. 

Inoc.  27pRecov.  35  coin. 

It 

N 

Polluted  waterp  RoT.p 

35  d. 
3 mo. 

Rhine  s 

1935 

dark 

Sewage 

93  d. 

Tanner 

191* 

avium 

1 

Inoc.  49p000/ccp  Recov. 

Sewage 

Rhine s 

1935 

400/ce,  73  d. 

TABLE  I A. f ^ 


FACTORS  APFECTINO  SURVIVAL  OP  ORGANISMS  IN  WATERS 


Pactora(s) 


Survival 


Reference 


NATURAL  WATERS 

Deionized  water  more  frequa| 
fever  organisms 

The  action  of  the  ultraviolet  rays  on  bacteria  la 
affected  by  the  minerals 
Drinking  fountain  drains  hab  a count  of  ii.2,000/ml 
bacteria,  in]  eta  had  6j,00p/ml,  outlets  7,000/ml, 
Terrestrial  and  fresh  water 


fitly  regenerated  the 


sacterla  tolerate  changes 
In  salinity  an()bsnotic  pressure  better  than  mp-^li 
VIhen  conform  group  Is  not  f lund  others  may  be  pre^ 
sent.  Reasons  why  collform  group  should  not  be 
used  as  Indicators  for  sailtatlon, 

(1)  Out  breaks  of  erijerlc  iiseases  associated  with 
treated  waters  that  hpd  been  found  potable 
by  conform  index. 


(2)  Antagonistic  effects 


Shigella  against  conforms., 


(3)  Greater  resistance  of 


(4) 


Shigella,  and  E>Tberthella  to  chlorination 
than  are  some  of  colorf 
Viruses  cf  poliomyelit 


! Elsman 

19U9 

Gutf eld 

1928 

1 

; Hitchens 

1943 

Korinek 

.1926 

Levine 

1947 

bf  some  strains  of 


some  viruses.  Salmonella 


groups.  ^ 

)Ls  and  hepatatls  In  feces 
transmission  of  latter  by  water  and  typhus 


1 


fever  by  Ingestion,  ^ 

(5)  Role  of  the  non** lactose  fermenting  bacteria  ofj 


the  genera  Salmonella 
Proteus  as  Inclterg^f 


Shigella  and  possibly 
enteric  disease. 

The  presence  of  coll  aerogehas  strain  In  chlorlnatedj Levine 
water  in  summer  due  to  clumps  of  bacteria  or  pro- 
tection of  the  organisms  by  some  constituent  of 
the  water,  { 

Bacteria  found  in  softeners | usually  slow  down  grow- 
ing, Conform  found  when  city  water  supply  neg. 

Spore-bearing  bacteria  exposed  to  ultraviolet  are 
killed  as  readily  as  otherk. 

Colon-typhoid  group  destroyed  in  high  pH,  limiting 
value  9.$, 

Bacteria  In  lake  water  found  in  greatest  numbers 
in  autumn  and  winter. 

Stored  bacteria  in  glass  containers  Increase  at  high' 
temp,  and  repressed  at  lowi 

Bacteria  count  reduced  by  mechanical  dishwashers. 

Water  50cm  deep  In  cylinder^  exposed  to  sun. 

Italian  sun: 

Refcov 


Surface,  Inoc,  li.900. 
Middle , * Ii5l0 

Bottom  * 6781 

Darkened  cylinders 
Surface,  Inoc,  ))900 
Middle  * Il5l0 
Bottom " 6781 


2 

8 


6 

« 


hr. 

fi 


ft  41 


41  i 


I5T 
Dlst » ,-l6c 


7261,  6 

9051 i ^ 

12591." 


hr. 

4t 


Levine 

1939 

Mallmann 

- 

Schwarz 

1911 

Scott 

1924 

Taylor 

1949 

n 

ft 

Ward 

1939 

T.  ae  W. 


19il.6 


' Shorter  than  sea  water 


Hess 


19311. 


TABL^aJI  (OONT'D)  FACTORS  AFPECTIMO  SURVIVAL  OP  ORGANISMS  IN  WATEHa 


Fft'ctor(8) 


Survival 


Rareranoe 


t 


ICE  (oont'd) 

Dust  laden  snow 


Clear  Ice  containa  fever  mi 
soluble  mineral  matter  tM 
bubbles. 

Snow  and  bubbly  loe  contain 
erla  than  transparent  loa 
reduction  shortly  after. 

The  viability  of  typhoid  la 
choleras  • V.  Choleras  dlej 
freezing. 

Snow;  Aohroraobacter,  Plavob 
present 


[4»370,000/g,  deposit 
ail  but  one  spore 
former 
cjroblal  forms  and  less 
]n  loe  containing  air 


a greater  number  of  bact*| 
from  some  block.  Greats: 

{much  stronger  than  V. 
s after  lOx  repeated 

, / V 

Ejcterluin,  and  ‘Micrococcus 

■y  • 


SALINE  SOLUTIONS 

In  Atlantic  during  May  and 
number  of  bacteria  incre 
in  surf  and  decreased  in  xilomlng. 

Sea  water  at  -16C  bacteria  live  longer  than  in  broth 
or  distilled  water. 

kOOyi  sea  vatar 
” ” 

300ft  « 350%  aea  water 


une  close  to  Portu|(al  the 


{Lethal 

No  destruction  of  bact. 
Slow  destruction  of, bact J 


Bacteria  in  stored  aea  water  sheared  Increase  variation  Lloyd 


Loohhead 

1939- 

Me  Farlane 

1940 

Prudden 

1887 

Tohyama 

1930 

Darling 

1941 

Bertel 

1912 

Hess 

1934 

Johnson 

1938 

n Lloyd 

1937 

followed  8 population  eurv| 


Cuinre  not  affected 


by  aurfa«‘;Of  water  expoaejd  but  by  volume  of  stor- 
age container. 


Bacteria  at  surf  2^/cc,  ZS  meters  depth  k20/oc  due  tq  Schmidt* 
killing  action  of  sunlight]. 

quickly  die  in  sea 
Bo low  20C  protozoa  have 


Bacteria  of  Salmonella  group 
probably  due  to  protozoa, 
no  effect. 

Relatively  no  bacteria  in  sd 


Stryszak 


a with  plonkton. 


Fresh  sea,  18-20G,  Inoc.  2l5cc,  Reoov.  63»kf  56  .d 


215, 


Heated  sea,  18-20C,  , — 

Artlflcal  salt,  3,6-200,  Inocl.  2.5oc,  Rerov,  20$,  $6 
Berkefleld  filtered,  Tnoc,  none,  Recov.>1000,  14  d 
Bacteria  does  not  surXrlve  iqng  in  sea. 

Polluted  sea  found  E.  coll, 

V.  cholerae,  Salmonella  aij 
Marine  bacteria  are  much  moi|e 
are  terrestlal  bacte^^la. 

Bacteria  in  sea  water  and 
mud  at  30C 

Bacteria  in  sea  " ** 

mud  at  40G 

Sea  - gram-tieg.  bacteria  prejdorolnate  in  Mcroflora. 
Terrestrial  spp.  in  sea  watej 
by  4500  lb.  p.s.i.  Deep 
surface. 

Sea  water,  direct  sun,  depth  Inoc,  l63/cc,  Recov. 
of  10  mm. 


Velankar 

Waksmati 


c 

Z 


n 

ti 


Zobell 

Eberthella,  (S.  typhosa),  ” 
d other  enteric  bacteria 
theivnosensltlve  then 

2$%  killed  in  10  min. 

H n tt  « 


r at  30C  growth  roterded 
ea  more  resistant  than 


It 

It 


126/cc,  2 hr. 


Nielson 

1901 

1949 


1950 

1937 

If 

n 

N 

1936 

1^1.2 

II 

1940 


1934 

1949 


1935 


- A 


TABLE  _L^/  MCONT'D)  FACTORS  APFECTINO  SURVIVAL  OP  ORGANISMS  IN  WATERS 


Paotor( a) 


Survival 


SALINE  SOLUTIONS  (cont^d)' 

Sea  water  ^mexpoaed  to  sun  Inoo,  23.^/nn,  Rooov. 


Sea  water  exposed  to  sun 


SEWA' 


l88/cc.  7 hr. 

Inoc,  ^ij.6/cn,  Rogov, 
198/oc.  7 hr 


Bacteria  In  savage  high  court  2-6  d.,  maintelnod 
6-15  wk. 


Saprophytes  must  play  a big  part  in  discppoarnnce 
of  organisms  in  aovoge  after  testing  survival 
with  sterile  savage. 

Putrifaotlon  bantorln  attack  E.  coll. 


Reference 

Zobell  1935 

iZoboll  1935 

I 

1 

I Purdy  191B 

Inochalz  1930 

" 1931 


TABLE  (aJ!  ^ 


THE  SURVIVAL  OP  PASTEURELLA  SPECIES  IN  VATER 


Pactor(s) 

Survival 

Reference 

NATURAL  EATERS 

Pastdurella  tularensls 

Water  contaminated  by  In- 

Not  given 

Ayres 

191^8 

fected  animals 

Streams  In  Canada 

It  « 

Bow 

1944 

Water 

1 yr. 

Brown 

1944 

Streams 

Not  given 

Palk 

1947 

River#  10-20C 

It  It 

Glass 

1948 

Streams 

Believed  to  be  trans- 
mitted from  mice  to 
beavers 

Jelllson 

1942 

Water 

Pound  over  a period  of 

n 

1950 

Streams 

1^8-72  hr. 

Karp off 

1936 

11 

Prom  bodies  of  Infected 
animals 

Lang 

1947 

If 

Rats#  mice  are  vectors 

Maximov 

1947 

River 

Contaminated  by  Infected 
rabbits  and  Infected 
man  by  fish  fin 

Miller 

1939 

Mountain  streams 

Guinea  pig  Infected  by 
Inoco  from  stream  ■ 

Parker 

m 

River 

Excreta  of  rata,  mice, 
cats  In  drinking  and 
washing  water 

Schuller 

1943 

Drinking  water 

Cl  In  larger  doses  than 
usual  effective  In 
killing  tularemia 

Stelnhaus 

1943 

Contaminated  cold 

1 mOo 

II 

1945 

Artificial  contamination 

11  wk. 

ft 

11^ 

Streams 

Contaminated  by  excreta 
of  mice 

Zeiss 

1943 

distilled  WATER 

Fasteurella  multoclda 

Distu,  lij.-10C 

1 hr. 

Hochstetter  1887 

Pasteurella  hemolytlca 

hr. 

Dist,  ^7c 

Jacotot 

1926 

Pasteurella  multoclda 

Dlst..  37C 

Up  to  li,.5  hr. 

Panlsset 

OTHERS 

Fasteurella  multoclda 

Seltzer,  lJ|"iOC 

i hr. 

Hochstetter  1887 

TABIE  U/f  THE  SURVIVAL  OF  RICKETTSIA  SPECIES  IN  WATER 


Factor(s) 

Survival 

Reference 

NATURAL  WATERS 
Rickettsia 

Coxlella  burnetl 
Water#  R.tf. 
Rickettsia  prowazekll 
•"  tSbIV  ^ 

7 d. 
Present 

Babudierl  1950 

Mazurczak  19k5 

BTstILLEd  WAffift 

Rickettsia  prowazekli 

' ■ DTst:/26-2H'd 

Tap  and  dlato 

<2  hr. 

Deleterious  effect  on 
viability 

Anderson  19i^ 

Topping  194.0 

Saline  soLuTiotis 
PHYSIOLOGICAL 

Rickettsia  prowazekll 
Physiological  saline 

Deleterious  effect  on 
viability 

Topping  19lj.O 

TABLE 


THE  SUHVIVAL  OP  SALMONELLA.  SPECIES  IN  WATER 


Pactor(s) 


Survival 


Reference 


NATURAL  WATERS 
S»  typhoaa 
!lJap 
Boiled 

Tap,  filtered.  Incubator 
tempo,  pH  ^0 9-6.2 
Tap,  boiled,  Incubator 
tempo,  pH  ^«9“6.2 
Rain,  filtered.  Incubator 
temp.,  pH  ^.9-6.2 
Rain,  boiled.  Incubator 
temp,  pH  5»9“6.2 
Well,  outside  temp 
E.  coll 

Well,  o36co,  R 
to  7.8 

Well,  .26cc,  R 
to  7.1*. 

Well,  ol*.3cc,  R 
to  6.0 
Well,  R.T. 

Well  allme,  R.  T. 

Tap,  20C 
Tap,  35c 

Filtered  Impure  wel!^,  20C 
Unflltered  Impure  violl 
Filtered  impure  well,  35C 
Water  plus  sunlight 

Water,  pH  3.8-8. 7 
Well  with  unflltered 
surface,  37C 
Surface,  37 C 
Water,  -IOC  to  -I. 1C 
Unster.  river,  19-6C 


'To, 
■ To, 
I T 0 , 


^ , with 
pH  7.6 
pH  7.2 
pH  7.8 


7 d. 

30  d. 

31  d. 

69  d. 

93  d. 

86  d. 

1*.0  d. 

Inoc.  630  million,  31  d. 


Altoff 


1935 

« 


tt 

n 


Bartos 


m 

m 


2.6 

1.1 

52.5 


« 

N 


10  d 

13  d. 

61  d. 

71  d 


fi 

m 


Steam  ster,  river 
Water 

Unster.  cold 
" heated 

Tap 
Tap 
River 
Water 

Ster.  tap 
Tap,  I2-15C 
Aquarl\ua 

Med.  at  bottom  of  aquaritufi 
Water 

River,  R.T.,  dark 


.7  d. 

3 d. 

23  d. 

20-30  d. 

5-10  d. 

1 hr.  In  thin  layer 

5 hr.  In  bottles 

6 hro-l*.8  hr.  resptlvely 
Passed  through  10  cults. 

Subcultured  10  times 

103  d. 

34-40  d. 

Inoc.  74p000/cc  (typhoidD 
69,000/cc  (coll),  75  4 
76  d. 

>few  days 
Proldngs 
Curtails 
4-’5  wk. 

4 wk. 

2 wk. 

Death  Increases  with 
temp. 

7 d. 

7 d. 

36  d. 

2 mo. 

9 wk. 

6 wk. 


Bolton 


ft 

tf 

Clark 

ff 

Cohen 

Crone 


Frankland 


n 

If 


Greer 

Hale 

H 

Hesse 

Hewlett 

tt 

Hinds 

Hochstetter 

e 

Hoffman 

tt 

Houston 

it 


1947 


« 

n 

m 

1886 

tt 

« 

tt 

m 

1902 

tt 

1922 

1951 


1894 

tt 


1928 

1910 

tt 

1889 

1905 

N 

1932 

1887 

tt 

1926 

ti 

1908 


•>« 


[ 

i 


TABLE  (CONT‘D) 


THE  SURVIVAL  OF  SALMONELLA  SPECIES  IN  WATER 


Paotor(s) 

Survival 

» 

Reference 

NATURAL  WATERS  (cont'd) 
So  typhoasL 

filver 

1 wk.  gives  99$^  reduct. 

Houston 

1908 

**  cold 

Proldngs 

tt 

1911 

**  heated 

Curtails 

e 

It 

**  uncultivated 

3 wk. 

w 

1912 

" Cultivated 

5 wk. 

« 

« 

" 0 C 

Inoc.  103,328,  8 wk. 

M 

1913 

" 50 

« * 6 wk. 

« 

It 

" 100 

" " wk. 

« 

m 

" 18C 

« « T • 

« 

It 

" 27C 

n n 2 * 

m 

tt 

* 37C 

*•  " <2  wk. 

n 

tt 

Vater«  0 C 

8 wk. 

n 

1914 

" 18C 

3 wk. 

a 

tt 

" 37C 

1 wk. 

• 

tt 

Step.  tap„  R.T.u  dark 

Inoc.  2-3  needles  loops 

Jordan 

1895 

Steam  step,  lakej,  dapk 

>93  d. 

Inoc.  6435,  93  d. 

« 

tt 

Water 

18  d. 

' It 

Lake«  9-l6c  (tap) 

Inoc.  l,000,085/cc,  6 d« 

■ 

1904 

Lake«  lo90. 

**  2,200,000/ee,  7 d. 

It 

11 

Step.  " 

" 1,500,000/cc, 

tt 

« 

Step,  (porcelain  flit.) 

>25  and  <30  d. 
Inoc.  500/cc,  5 d. 

n 

It 

20C 

Tap,  9-1 6c 

* 540,000/cc,  6 d. 

tt 

« 

Raw  tap  1.5-2.5C 

*•  3,000,000/oo,  6 d. 

tt 

m 

Step,  tap,  9-16C 

1,000,000/co,  >15  d. 

tt 

n 

Chicago  tap,  20C 

Inoc.  500/cc,  2 d. 

« 

It 

Filtered  tap,  I'^SC 

" 1080/co,  4 d. 

tt 

It 

Raw  river,  12»li4.C 

" 2,000,000/oc,  3 d. 

It 

It 

Step,  river,  12-14.C 

• l,500,000/oo,  2 d. 

It 

ft 

Water 

6 d. 

Karllnakl 

1889 

Tap,  R.T.,  In  spleen 

499  d. 

Konradl 

1904 

* body,  in  " 

542  d. 

It 

tt  ^ 

* R.  T.,  in  culture 

490  d. 

tt 

tt 

" body,  in  " 

420  d. 

tt 

It 

Step.,  R.T.,  In  spleen 

499  d. 

tt 

tt 

* " in  culture 

490  d. 

II 

« 

" body,  In  spleen 

429  d. 

It 

tt 

" *•  " culture 

30  d. 

n 

tt 

Unster.  tap  and  river 

4“6  d. 

Kyrlasldes 

1931 

Well 

13-16  d. 

It 

tt 

Step,  tap  and  river  plus 

2 d. 

tt 

tt 

protozoa 

Inoo,  28OOO/00,  18000/cc 

Mineral,  pH  6.9 

Lieb 

1947 

" pH  6.0 

after  8 d. 

Inoou  32000  /co,  120/cc 

tt 

It 

■ • 6.8 

after  8 d. 

Inoo.  2,000,000/cc; 
Recov.  128„000/oc,  l4d 

It 

tt 

-'4 

*1 


TABLE  L«/  / ^'1: 0 ONT » D ) THE  SURVIVAL  OP  SADIONELLA  SPECIES  IN  WATER 


Factor(s) 

Survival 

Reference 

NATURAL  WATERS  (cont’d) 

S.  tj’phosa 

1947 

Miner aTj,  pH  6.6 

Inoc.  2,000, 000/ocs 

Lieb 

Reoovo  1^0,000/oos  llfd 

} 

" pH  7-1 

Inoc.  200, 000-300, OOO/co 
Recov.  k/cci  1 mo. 

m 

II 

" pH  6.8 

Inoc.  200,000* 300, OOO/co 

If 

1 

II 

ReooVo  200,000“ 

300,000/cc;  14  d« 

1 

1929 

Ster.j,  RaT.. 

6 mo. 

Lomry 

" 37C 

B d. 

It 

ft 

Water  or  urine,  outdoor 

20 “40  do 

Lu 

1933 

temp. 

Water  or  urine.  Indoors 

Shorter  time 

ff 

Tap 

7 d. 

Mouzet 

1936 

Boiled 

30  do 

fl 

ff 

Commercial  spring,  20C 

Inoc.  l,592,500j  Recov. 

Odst 

1919 

340s  7 d. 

Vks. 

Inoc.  1,383,000s  " 

Osier 

1901 

Ster. 

Commercial  spring,  R.To 

520s  7 d. 

Odst 

1919 

Water 

77  do 

Park 

1920 

Well,  7“10C 

Inoc.  2 mg.  agar  cult,, 

Pfuhl 

1902 

31  do 

1904 

Ice  or  cool  water 

4056-3  br.s  9856-2  wko 

Prescott 

Ster. 

2 mo. 

tf 

fl 

Unster. 

3 do '^several  wks. 

fl 

fl 

Streams,  cold 

Prolongs 

Ruediger 

1911 

Streams,  heated 

Curtails 

It 

Open  river 

Inooc  7,200,000;  Recov. 

ft 

ff 

232,000;  72  hr. 

1006 

Lake 

10  d. 

Russell 

Water,  21;C 

<6  do 

Ruys 

1897 

" 6C 

11  d. 

n 

" 1-1 2C,  dark 

Inoc.  26,000;  Recov. 

tf 

ff 

15500s  3 d. 

« If  « diffuse 

Inoc.  26,000;  Recov. 

ft 

If 

" 40 1>  refrigerator 

1,  3 d. 

Inoc.  26,000;  Recov. 

«t 

It 

3800; J d.  , 

Pond,  11-160,  light,  sur- 

Inoc.  45,000;  4 d. 

M 

ff 

face  of  large  vessel 
Pond,  11-16C,  light,  bot- 

Inoc.  " Recov.  4s 

<1 

« 

tom,  of  large  vessel 

4 do 

River,  6-lOC,  light,  sur- 

Inoc.  3500;  Recov.  0,  4d. 

ft 

fl 

face  of  large  vessel 
River,  6 “IOC,  light,  bot^- 

Inoc.  " " 800; 

ft 

It 

tom,  of  large  vessel 

4 do 

Fond,  dark,  surface  of 

InoCu  43000;  Recov.  0, 

fl 

ff 

small  vessel 

4 d. 

Pond,  dark,  bottom  of 

Inoc.  450OO;  Recov.  I6O; 

H 

It 

small  vessel 

4 do 

(OONT'D)  THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  WATER 


( 


Fact or (s) 

Survival 

Reference 

MTuRAL  WATERS  (oont»d) 

So  t^phosa 

River,  darkp  aurfaoe  of 

Inoco  35000,  Reoovo  l8. 

Ruys 

1897 

amall  vessel 

4 da 

River,  dark,  bottom  of 

InoCo  35000,  ReooVa  1650 

tt 

- 

smdil  vessel 

4 do 

River,  light,  7-12C 

Inoc.  7000/ml,  Reoov.  0, 

n 

1941 

5 d. 

* darkj,  " " 

Inoc a 7000/ml,  " 31 

n 

tt 

5 da 

Bath  water  from  12  tons 

InoCo  30,000  to  300,000/ 

Tashlro 

1932 

of  bath  water  after  500 

ccc  of  water;  survival 

people  bathed 

not  given 

Filtered,  20C 

14  da 

Vacek 

1933 

Well,  urine  infected,  20C 

>14  do  a when  other  path- 

fi 

1933 

ogenes  are  added  time 
decreases 

Water,  summer 

12  da 

Watanabe 

1930 

" winter 

18  da 

tt 

tt 

Tap,  dark,  50-53F 

Inoc a 1 drop  culto,  21  d. 

Wheeler 

1907 

" " 98»99F 

ft  It  If  n 

ft 

tt 

" Light,  68-7 2P 

It  tf  It  n 2.5  d. 

tf 

It 

" dark,  " " 

n n n n 1^3 

ti 

ft 

Stero  tap,  aerobic 
* " anaerobic 

2 mOo 
4 dc 

Whipple 

1906 

ft 

Tap,  20C 

InoCa  Icc  susp'n  to  19oc 

H 

ft 

water,  Reoov  $/cc,  4?d< 

River 

99^  reduct  a , 1 vk  . 

Inoc a 100,000/ml|  Recov, 

tt 

1922 

Water,  32C 

tt 

tt 

3/ml;  5 wk. 

" koo 

Inoc a 100,000/ml;  RecoVo 

tt 

ft 

3/rnl;  4 

" 50C 

Inoc.  100,000/ml;  Reoov. 

tt 

n 

" 64.1^0 

3/ml;  3 wk« 

InoCo  100,000/ml;  Recov. 

tt 

ft 

3/ml;  2 wk. 

Tap,  rain,  swimming  pool 

7-10  da 

Wibaut 

1927 

Ground  water,  protozoa 

4 idco 

tt 

tt 

tf  m 

>4  wk. 

tt 

tt 

River  plus  tap,  30-35C, 

10-32  d. 

Wolffhugel 

1886 

12-150,  10-70 

Filtered  river,  350 

Recov.  2800,  5 d. 

tt 

tt 

Well,  15-200 

Inoc.  5/500,  Reoov.  80, 

tt 

tt 

S.  paratyphi  A 
Tap 

1 da 

2 d. 

Aitoff 

1935 

Boiled 

10  d. 

tt 

tt 

Tap,  filtered,  incubator 

50  d. 

fl 

It 

tempa,  pH  5»9-6o2 
Tap,  boiled,  incubator 

ti  It 

tt 

tt 

tempo,  pH  5o9-6o2 
Rain  filtered 

86  d. 

tt 

ft 

*•  boiled 

47  d. 

ft 

It 

TABLEx^/  :>  (OONT'D) 


THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  IrfATBR 


Paotor(a) 

Survival 

• 

Reference 

NATURAL  WATERS  (oont'd) 

So  paratyphi  A 
Tap 

2 do 

Mouzet 

1936 

Boiled 

10  do 

m 

H 

So  paratyphi  B 
*!llap 

22  do 

Altoff 

193^ 

Boiled 

4.2  plus  do 

SI 

SI 

Tap«  filtered^  incubator 

50  do 

n 

SI 

teaipoi,  pH  5o9-6o2 

1^7  do 

Taps  bolledo  Incubator 

II 

tempo  t,  pH  5 o 9-60  2 

86  do 

II 

Rain  filtered 

VI 

" boiled 

50  do 

n 

SI 

Autoclaved  buffered  tapj, 

Reoovo  Inoco 

Crone 

1951 

20c 

Surface,  37C 

" lOx  " 

m 

n 

Nell,  37c 

" 3x  * 

ff 

H 

Tap 

2k  do 

Mouzet 

1936 

Boiled 

k$  do 

N 

II 

So  paratyphi  sppo 
Mineral 

InoOo  ^00  ooli/lOOOco 

Lleb 

19k7 

lOOparatyphold/lOOOcc, 
400  colonles/lOOOcc 

para  sank  to  6/lOOOcc 

1939 

Water  ater«,  R,.Tu 

Up  to  8 moo 

Lomry 

* • 37c 

Up  to  1 wk. 

ft 

H 

Unstero,  with  Eo  coll 

Several  hr. 

SI 

II 

" with  or  without 

Eo  coll  in  dark 

Plus  after  1 mo- 

ft 

ff 

St«€)3?o  jf  RoTo 

>8  mOo 

If 

ft 

" 37c 

So  typhimurium 

Well,  outside  tempo 

8 do 

If 

H 

19W 

Survival  not  given 

Bartos 

" " ",  with 

30  do 

II 

H 

Eu  coll 

Well,  RoTo,  pH  6,8-8o4 

Inoo.  1103  million. 

SI 

• 

Heoovo  2,  12  do 
InoCu  7"3  million,  Recov 

m 

« 

0o26cc  well,  RoTo,  pH  7«8 

1,  8-10  do,  none  after 

12  do 

lo03co  well,  RoTo,  pH  7-8 

InoCo  22 0 5 mlllloh. 

SI 

n 

Recovo  20,  7 do,  none 
after  8 d- 

Well,  370 

Recovo  3x  inoCo 

Crone 

1951 

Surface B 37C 

" lOx  ■ 

SI 

m 

So  typhoaa 

•"T)TSfni^d 

11  do 

Altoff 

1935 

Tap  distilled,  incubator 

31  do 

SI 

« 

temp..,  pH  5-9' '60 2 
Distilled,  37c 

3 wic, 

Ballantyne 

1930 

« 

llj.  mo. 

SI 

If 

TABLE  (>^y/  (CONT’D)  THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  WATER 


Faotor(a) 

Survival 

Reference 

DISTILLED  WATER  (eont«d) 

S.  typhosa 

biacllledy  0-6c 

22^  mo. 

Ballantyne 

1930 

• R.T« 

32  mo. 

ft 

# 

" 20C 

Ik  d. 

Bolton 

1886 

" 35c 

3 d. 

N 

« 

m 

35  d. 

Cramaroaaa 

1927 

Ster>  ills  tilled 

5 d« 

Hochatetter 

1887 

Dlatillod,  12-15C 

J hr. 

It 

m 

" RoTuy  in  aplee: 

1 499  d. 

Konradl 

1904 

If  H ft 

490  do 

ff 

tt 

culture 

Dlatllled,  body  tempos  In 

429  d. 

It 

n 

apleen 

Diatilledy  " « • 

420  d. 

II 

a 

culture 

Dlatilled 

3 no. 

McFarland 

- 

It 

11  d. 

Mouzet 

1936 

■ 

3 wk. 

Muir 

1903 

It 

Up  to  62  d. 

Panisaet 

1925 

Steam  ater.  dlst»«  37C 

Inoc.  48  hr.  agar  cult. 

Slater 

1893 

50  d. 

1889 

Stero  dlato , l5"20C 

81  d. 

Strauaa 

tt  ft 

6 mo.  and  23  d. 

Tanner 

1944 

Dl8t.«  20C 

7 do 

Vacek 

1932 

" 10-12C,  dark 

Recov.  1,  17  d. 

Wheeler 

1906 

* 37C,  dark 

" 2,  27  d. 

II 

a 

* 20-220,  light 

" 2,  13  d. 

II 

n 

* 50-53P,  dark 

Inoc.  1 drop  cult.. 

17  d 

11 

> 

1907 

" 98-99P,  " 

It  M n It 

15  d 

If 

> 

a 

* 68-72P,  light 

It  ft  tt  ** 

13  d 

tt 

a 

" " **  dark 

It  « n a 

37  d 

11 

t 

a 

So  paratyphi  A 

5 d. 

SlaUlled 

Altoff 

1935 

" , incubator  temp, 

pH  5. 9-6. 2 

42  d. 

a 

a 

Diet. 

23  d. 

Cramaroaaa 

1922 

It 

5 d. 

Mouzet 

1936 

S.  paratyphi  B 

"mai;. 

32  d. 

Altoff 

1935 

**  , incubator  tempo, 

pH  5.9-6o2 

93  d. 
2$  mo. 

n 

a 

Diet. 

Ballantyne 

1930 

" , o-8c 

16  mo. 

n 

a 

ft 

73  d. 

n 

a 

ft 

Mouzet 

1936 

Ster.  dist. 

8a  mo. 

Tanner 

1944 

Diato,  60-ll|.2C, 

Inoc.  16-20  hr.  cult.  St 

Tintl 

1923 

6 00.  water.  1 hr. 

732 

So  typhoaa 

>8  mo.  j 1^'  in  10  d. 

ice 

Berry 

1934 

TABLE  I y(^;s(OONT«D)  THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  WATER 


Pactor(s) 


ICE  (oont'd) 

S.  tyiahoaa 
foe 

« , 0 C 

" of  fllteped  rlvep,<0C 
VatePp  feoasp  urine;  *8 
to  >30Cp  exposed  to  air 
Stero  diet  op  -5C 
RlvePp  OC 
" 20»a8P 

Ice 


Contaminated  watery  14“ 
30P 

Water p alternate  freezing 
and  thawing  $x. 

Ice 

” In  capsule 

It  " * 

" outside  capsul 

n n m 


.e 


So  paratyphi  app. 
fob 

So  paratyphi  B 
Ice 


SAtiTO  g6Ltfff6R 

SEA 

So  typhosa 
Sebp  filtered 

• unflltered 


a 

a 

a 


infected  by  ducks 
bouillon 
agar 

Stare  seap  bouillon 

" " agar 

Sea 

" autoolavedp  Seitz 
filtered 

Soap  Seitz  filtered 

a a a 

y 

autoolayedp  pulp  disc 
Seap  Seit|r  filtered^ 
60-100C 
Sea 

Sea  (oysters) 


Survival 


22  wk.  { 

Hampll 

1932 

>7  MOe 

Hutchings 

1903 

Inoc.  2p000p000/oo;  1 do 

Jordan 

1904 

40-50  do 

Lu-Tl-Huan 

1930 

1 wk  - lk%i  22  wko-  0% 

Park 

1901 

Recovo  <l)dp  2 moo 

a 

a 

**  .004/^p  l6  wk. 

a 

a 

Inoc.  410,000,000;  Recou 

Ruedeglr 

1911 

10p037p000;  14  do 

4 mo. 

Park 

1920 

Recov.  7p348/oc;  103  d. 

Pmdden 

1887 

Inoc.  40,896/00;  3 do 

a 

a 

99 <.9^  reduction,  8 d. 

Tanner 

1944 

Agar:  recov.  17,  24  hr. 

Wheeler 

19^ 

Broth:  " 2 

a 

a 

Agar:  recov.  38,  2 d. 

a 

a 

Broth:  " 0,  2 d. 

a 

a 

Inoo.  40,896/00;  Recov. 

Hilliard 

1918 

2,490/cc}  5 d. 

13  d. 

Thomas 

1925 

17  d. 

a 

a 

Inoc.  300p000p000/oo; 

32  do 

Inoc.  300p000p000/oo; 

28  do 

Fovind 

InoCo  exclusively p 4 
" almost  " p 9 do 
Inoou  llSOOp  9 do 

" 4800,  10  do 

1 d. 

32  do 

2 do 
5 do 

3 do  at  60C  & 30  d.  >10o| 

10  do 

Inoc.  I60p000p000;  Recov 

320;  4 do 


Reference 


Beard 

a 


Bldwell 

Le . Oiaxa 
a 

a 

a 

Oohar 


a 
a 

Herdmah 

Klein 


1935 


a950 

1889 

a 

a 

a 

1948 


a 

a 


1899 

1905 


TABLE  (OONT'D)  THE  SURVIVAL  OP  SAMONBLLA  SPECIES  IN  WATER 


j. 


Paotor(s) 

Survival 

Reference 

SALINE  SD(WTl5i^  " ( cont'»  d) 

SEA  j 

So  tTDhosa 

Non-oontamlnated  sea 

16  dp 

Trawlnskl  1929 

Contaminated  sea 

3 d. 

ft  ft 

So'  naratTphl  A 

^esp  fixteped  Seitz 

2 do 

Gohar  1948 

1 do 

tt  tc^ 

" autoolavedp  Seitz 

32  d. 

ft  « 

filtered 

Seap  fllteredp  autoolav* 

6 d. 

tt  tt 

ed  and  pulp  disc 

Sesp  Selta  filtered  and 

4 da 

tt  tt 

heated  to  600 

Seap  Seitz  filtered  and 

27  d. 

tt  M 

ha«ted  to  lOOC 

Seap  non-oontemlnated 

18  da 

Trawlnskl  1929 

" contaminated 

6 da 

It  n 

So  paratyphi  B 

Qaa  A 

n o -a 

Trawlnskl  1929 

" contaminated 

ft  e 

N tt 

ft 

O A 
a.  %^o 

Gohar  1948 

• Seitz  filtered 

3 d. 

H n 

fi  « ft 

autoclaved 

38  do 

ft  It 

Seap  Seitz  fllteredp 

6 do 

« « 

autoclaved  and  pulp 
disc 

Seap  Seitz  fllteredp 

6 da 

It  It 

heated  60C 

Seap  Seitz  fllteredp 

30  do 

It  It 

heated  lOOC 
So  paratyphi  sp<> 

16  do 

Sea  non->coniamlnatedp 

Trawlnskl  1929 

” contaminated 

ft  It 

It  tt 

So  entertldls 

Sea  non-ocontamlnated 

23  da 

It  • 

" contaminated 

$ do 

tt  tt 

S.  typhimurlum 

l^ea  non^ooniamlnated 

21  d. 

« tt 

" contaminated 

7 d. 

tt  tt 

PHYSIOLOGICAL 
So  typhosa 

Sadi 

(1)  6 moop  (2)  5 mOo 

Ballantyne  1930 

H If  P ^ 

it  S\o  X tf 

32  mo. 

« ft 

Physiological  saltp  full 

30  sec. 

Bazzonl  1914 

radltlon  of  mercury p 
under  glass p cooled 

Saline 

32  d. 

Creznarossa  1927 

Ster«  salt  solnop  l-^Sc 

Inoe.  Ip060/ecp  >10  do 

Jordan  1904 

m mu  20C 

• 900/cc,  2 d. 

TABLE  (Mn  (CONT'D)  THE  SURVIVAL  OP  SALMONELLA  SPECIES  IN  WATER 

I 


Paotop(a) 

Survival 

Reference 

131  moo 
33  d. 

ti5%  Nafll.  37c 
Saline 

So  paratyphi  B 

Ballantyne 

Camarossa 

Ballantyne 
l«maro8  8a 

1930 

1927 

85^5  Ka81,  37  C 

Saline 

So  paratynhl  apo 

13^  mo. 
73  d. 

1930 

1927 

25  Mi. 

13-i  moo 

Ballantyne 

Ballantyne 

1930 

1930 

SEWAGE 

So  t^^hoaa 

Inoco  4.50,000/inlo , 12  hr 

Sewage  anc  aludge 

Bruns 

1927 

Septic  tank 

2^3  do 

Flu 

1921 

Raw,  RaTa,  north  light 

Inoo.  6,500,000;  3 d. 

Qreen 

1938 

" out aide,  lower  than 

Inoo.  5 m.;  27  d. 

« 

It 

R.T.,  pH  7-2“7o8 

Activated  aludge , pH  6.8- 
7 = 6 

Sewage  In  trickling  fllto' 

Inoc,  37,500,000;  >2l|.  hr 

N 

N 

<i  hr. 

M 

e 

River  plus  urine  of 

99o9^  reduction  1 wk. 

Houston 

1911 

typhoid  oases,  dark 

Inoc.  5,800,000/oc;  <1  d. 

1904 

Water  and  feces,  lo9C 

Jordan 

Sewage,  ll4.o5“‘17C 

" 12,000/oo;  <1  d. 

N 

H 

Septic  taxik 

5 d. 

Kllger 

1921 

Sewage  In  river 

Present 

London 

1951 

••  of  city 

37  specimens  out  of  305 

Messerachmldt 

n oc't 

Polluted 

Disappeared  more  rapidly 
than  In  water  or  Ice 

Park 

1920 

Stero  sewage,  RoTo 

7i  mo. 

Rochalx 

1930 

Activated  aludge,  aerated 

Recov,  5i  hr. 

" 0,  8-14  d. 

Ruchhoft 

1934 

* " storage, 

a 

68-72P 

" 0,  83  d. 

Activated  sludge,  storage 

n 

a 

50«60P 

5 d. 

Sewage 

Russell 

1906 

**  , winter 

26  d. 

Shlmomura 

1935 

" suinxner 

7 d. 

n 

a 

Sewage,  RoT» 

Inoo.  1000/cc;  neg.  In 
7 

Stewart 

1933 

Naturally  Infected  sewage, 

5 wk. 

« 

a 

R«  To 

Inoc.  7,500,000/mli  l80d. 

Dried  sludge,  Ik^  moiaturs 

Stokes 

1945 

Sludge  anaerobic 

45  d. 

n 

a 

Star,  sewage 

3 mo.  and  7 d. 

Tanner 

Fedea  and  water,  17"*22«^(1 

Inoc.  many;  96  hr. 

Uffelman 

1889 

weakly  alkaline 

Fecea  and  water,  9C,  weak- 
ly alkaline 

* ” 24  hr. 

H 

a 

TABLE  U^ff'iOOWr^D)  THE  SURVIVAL  OP  SALMOMELLA  SPECIES  IN  WATER 


Faotor(s) 

Survival 

Reference 

SSWAOE  (oont'd) 

S,  tjrphoaa 

Pblluteff  springy  43C 

2 do 

Watanabe 

1930 

" well,  dark, 

10- 

Reoov.  1}  37  d. 

Wheeler 

1907 

12C 

Polluted  well,  " 

370 

• ' **  **  17  " 

n 

N 

n « N 

20- 

•*  $0,  71  d. 

M 

m 

22C 

Polluted  well,  light, 

, 20- 

*♦  1,  15  d. 

M 

If 

22C 

Sewage  (Belfast) 

Isolated  10  out  of  13x 

Wilson 

1931 

" (Lisburn) 

" 2x 

« 

« 

Tap  exposed  to  elements 

3 wko 

M 

1912 

and  inooo  with  feces 

Anaerobic  sludge 

7 d. 

Volman 

192k 

S.  paratyphi  A 

Stero  sewage,  RoTo 

7i  aio. 

Rochalx 

1930 

S.  paratyphi  B 

191^8 

Sewage,  37C 

2k  hTo 

Heoker 

" 9.5-12C 

Jordan 

1904 

Activated  sludge 

50^  reduction  after  1 hr 

Pesch 

1929 

Ster.  sewage^  R^To 

7i  »o. 

Rochalx 

1930 

II  H 

12  d. 

Tanner 

1954 

Sewage  (Belfast) 

Isolated  2x 

Wilson 

1931 

" , RoTop  stored 

3 wk. 

fl 

It 

S,  paratyphi  spp« 
Sewage  ot  ciV 

61  out  of  305  specimens 

Messerschmidt 

1951 

Sludge  drying 
S.  entertldis 

Inoc.  25in/ml;  1|1  do 

Stokes 

191|5 

dewage  o'f  city 

5 out  of  305  specimens 

Messerschmidt 

1951 

OTHERS 
S.  typhosa 

Seltzer,  12-]5  C 

1 do 

noohstetter  l667 

* 7"100 

Inooo  a suspn.  of  agar 
culto,  15-27  do 

Pfuhl 

1902 

TABLE  U)/6 


THE  SURVIVAL  OF.SHIOBLLA  SPECIES  IN  WATER 


Faotop(s) 

Survival 

Referenoe 

NATURAL  WATERS 

• 

Sh»  d7senterlae 

Tap 

4 d. 

Altoff 

1935 

Boiled 

11  d. 

ft 

« 

Well,  outside  temp.,  with 

30d. 

Bartos 

1947 

E.  coll 

Well,  R.T.,  pH  7. 2-7. 8 

Inoo.  2-12  million. 

If 

11-18  d. 

Water,  ster.. 

24  d.  after  Inoo. 

Dudgeon 

1919 

River 

Many  hr. 

If 

m 

Ster.  tap,  R.To 

Inoo.  11  standard  strain 

Felsen 

1945 

6 mo. 

Ster.,  17-20C 

Rarely  more  than  a wk. 

Frost 

1905 

Water  and  earth,  winter 

Failed  to  Isolate  growth 

Hampll 

1932 

Raw  lake 

Inoo.  22,000/eo,  2 d. 

Jordan 

1904 

Tap 

m m m n 

e 

Raw  river 

" 700,000/co,  3 d. 

If 

m 

Heated  well,  R.T. 

71  d. 

Karllnskl 

1907 

Unster. , R.T. 

42  d. 

n 

tt 

Well,  10-12C 

56  d. 

N 

II 

Tap 

27  d. 

Kusama 

1925 

Water  or  urine 

40-50  d. 

Lu-Tl-Huan 

1933 

Tap 

4 d. 

Nouzet 

1936 

Boiled 

11  d„ 

« 

N 

Spring,  high  In  minerals 

Inoc.  6,550,000;  I8  d. 

Odst 

1919 

. or  organic  matter,  200 

3pi‘lng,  high  in  minerals 

« 1,350,000;  " * 

ff 

fl 

or  organic  matter,  R.T. 

Well,  7 -IOC 

Inoo.  2mg.  agar  cult.. 

PfuM. 

1902 

9 d. 

Well,  R.T. 

Inoc.  2mg.  " " 

It 

5 d. 

Well,  37C,  R.T,,  3C 

Longer  at  lower  temp. 

Steuer 

1941 

Ster. 

30  d. 

Tashlra 

1932 

Water,  l-11^.0 

10-13  d. 

Vlnoent 

1917 

Impure,  22-26C 

2-5  d. 

If 

m 

Sh.  paradyaenterlae  (Flexnei 
Tap 

^"6  d. 

Altoff 

1935 

Boiled 

22  d. 

n 

If 

Tap 

16  d. 

Mouzet 

1936 

Boiled 

22  d. 

« 

«i 

Water 

38  d. 

Stewart 

1944 

Sh.  paradysenterlae  (Sonne) 
Weil,  outside  temp.,  wlih 

30  d. 

Bartos 

1947 

E.  ooll 

Well,  R.T.,  pH  7.2-7. 8 

Inoo.  12  million,  18  d. 

It 

m 

Tap,  with  0«l5  p.p.m.  re- 

Found 

Freen 

1943 

sldual  Cl. 

Dt^ifiltLdb  wA:f&R 

Sh.  dvsenterlae 

, 

Dlsp. 

15  d. 

Altoff 

1935 

« 

7-73  d. 

Cramarossa 

1927 

TABLE  (j  j/&LCOKT^D)  THE  SURVIVAL  OP  SHIOBLLA  SPBOIBS  IN  WATER 


Factor (s) 


DISTILLED  WATER 
Sh.  dysenterlao 

Dlslo 

m 

, 60-11420, 


Survival 


Sh,  paradysenterlae  (Flexneij 
Dlst, 


m 

<1 


TSl 

Sh,  dysanterlae 

Ice  from  ater,  water 
Water^  feces,  urine;  -8 
to  -300 
Ice 


SALINE  SOLUTIONS 
SEA 

Sha  dveenterlae 
Filtered  sea 
Oontamffnated  and  non- 
" sea » 

Sh,  paradysenterlae  spp« 
Sea 


« 


, Seitz  flit  a, 

• " auto- 


claved 

Sea,  Seitz  flit,,  auto- 
claved, pulp  disc 
Sea,  Seitz  flit,  heated 
600 

Sea,  Seitz  " ** 

1000 

PHYSIOLOGICAL 
Sh.  dysenterlae 
S5J6  Nad,  yto 
0.8^  salt  aoln. 

Sho  paradysenterlae  (FlexH 
O.o^  salt  soin. 


Saline 


18  d. 

15  da 

Inoc.  16-20  hr.  cult. 
In  6co.  water,  1 hr. 


1|.  da 

7-73  d. 

2k  da 


2 mo. 

55  da 

kl-68  da 


2—5  wo  a 

30  hr.  and  12  hr. 


1 da 

2 " 
32  da 


k d. 

3 da 

28  d. 


13i  no. 
12-53  d. 

fi^S3  d. 


35  i. 


iFelsen  19k5 
Trawlnakl  1929 


Reference 


Kueana 

Houzet 

Tlntl 


1925 

1936 

1923 


Altoff  1935 
Orsnarossa  1927 
Mouzet  1936 


Pel sen  19k5 

Lu-Tl-Huan  1930 


Vincent 


rail 


Gohar 

H 
ti 

m 
m 
m 


i9kfi 


M 

M 

M 

e 


Ballantyne  1930 
Cranarossa  1927 

Oramarossa  1927 

m m 


i 


TABLE 


THE  SURVIVAL  OF  STREFT00000T78  SPECIES  IN  VATSR 


1 

. Faotor(s) 

Survival 

Reference 

NATURAL  WATERS 
S*  aftalaotlae 
Tap 

66  d. 

Bryan 

1934 

Ml  T»  1 n 

1921 

Daap  .well 

11  d. 

Livingston 

Surface  well 

8 d. 

It 

M 

Lake 

7 d. 

n 

ft 

Streetj.  autoclaved 

6 d. 

ft 

River 

n n 

m 

n 

Country  roadside  ditch 

5 d. 

It 

tl 

Street  not  ater« 

k d. 

ft 

ft 

Park  lagoon 

4 d. 

ft 

fl 

Tap 

3 d. 

tl 

ft 

Chicago  river 

2 d. 

ft 

n 

Water,  37 .50 

Inoc.  10,000/oo;  6 d. 

« 

It 

* 27C 

M n " 9 d. 

« 

fl 

" 1C 

« •»  • 15  d. 

n 

m 

S.  faecalla 

194s 

Swixomlng  pool  plus  Cl 

1 hr. 

Ritter 

S.  sallvarlus 

l^wliiunl'ng  pool  plus  Cl 

5 min. 

M 

« 

S.  enterococcus 

Tap  without  Cl 

> 12  hr. 

fl 

« 

S«  8PP. 

Water  (phys) 

" ‘ , 50C 

3 hr. 

Belln 

1J33 

1 hr.  10  min. 

M 

" *•  kk-kSc 

10.5  lir. 

n 

« 

” • 550 

1.5  hr. 

n 

« 

Open  reservoirs 

k d. 

Holwerda 

1526 

Covered  reservoirs 

It 

It 

613T1LMH3  water 

S.  pyofcenes 

Seer,  dlsto,  R.T.,  subdued 

3-87  d. 

Livingston 

1921 

light 

S.  mltls 

21  3/k  no. 

Dlst. 

Ballantyne 

1930 

■ , 0-8c 

25  no. 

« 

« 

3.  spp. 
Dlst. 

Not  given 

Olloreas 

1950 

« 

4.-7  d.,  K value  0.738 

Heller 

1941 

81.6%  reductlon/day 

" , 37C 

Upto  74  d. 

Panlsset 

ill! 

Ster.  dlst..  15-20C 

Strauss 

SALINE  SOtiUTION 

PHVSI^LOICAL 

S.  mltls 

13i  no. 

WaCl,  37C 
3.  nvoKenes 
Saline 

Ballantyne 

1930 

12  d; 

Livingston 

1921 

S.  8PP» 

K v.lue  0.S37.  70.9it/d. 

Sai.  Ine 

Heller 

19kl 

SBKCiSE!  ^ 

Feces  plus  natural  water  ■ 

7 d. 

Savage 

1917 

Polluted  water 

Twic^^that  of  typhoid  & 

Salt 

1931 

TABLE  Uy/r 


THE  SURVIVAL  OP  VIBRIO  COMMA  IN  VATBR 


Factor' ( 

Survival 

Reference 

NATURAL  WATERS 
Vibrio  coiruna 

Tap 

2 d. 

Arguelles 

1927 

Stero  tap 

6 '10  d. 

it 

tf 

Water„  10  atjm.  cax’bon 

VlO  hr.. 

1 Colin 

1915 

dioxide 

Ster.  spring 

7 mo« 

D^iHorelle 

1930 

River.,  filtertsd 

> 1 yr« 

« 

IT 

Tap 

5'6"66  d* 

tf 

ft 

Stero  water 

7 '8  do 

M 

ft 

Mater  of  aquariuin 

3 moo 

tf 

It 

Well 

62  d. 

tl 

tt 

Raw  water 

1-214.  d* 

ft 

ff 

Mall 

72  hr. 

Emmerich 

1889 

Potable  vfatar,,  filtered 

3 wk. 

Frankland 

1886 

deap  vxell. 

1816 

Storo  tap 

Inoo,  114.9,5'OOj  Recov  . 

0. 

Gelarie 

Native  tap 

18  d. 

Inoc.  Il4.9j)500i  Recov. 

Op 

m 

ft 

Stero  bay 

InoCo  Il4.9p500j  •* 

M 

It 

ft 

Native  bay 

1?4  do 

Inoc.  Il|9p500i;  " 

It 

tt 

n 

Water 

21  d. 
c ^ wk  o 

j 

i Haffklne 

1895 

Rivero  filtored  ; 

Inoc.  5*.500j  3 hr. 

! 

Hankin 

1896 

” boiled 

" 6p000g  ii.9  hr. 

ft 

M 

" both 

" 7^0002  25;  hr. 

II 

tt 

Wellp  filtered 

" 8„500s  14.9  hr. 

ft 

tt 

^ boiled 

" 7p500i  " ” 

1 

« 

ft 

River,,  filtered 

" l4.„200^  2 hr. 

ft 

n 

Up  rivox-y  flltorod 

Inoco  1„200;  1-2  hr. 

tf 

n 

Down  stream 

" 1,3'OOi'  1 hr. 

IT 

It 

Riverj,  near  old  cadaver 

InoCo  l„250j  1“2  hr. 

tt 

m 

" " retfoxit  " 

” 2„000i  1'5  hr. 

« 

ft 

Up  atreuJTiv  boiled 

” 1„250,  14.8  hr. 

ft 

Tf 

Well 

" 1„200;  14.8  hr. 

It 

ft 

Tap 

kS  wk. 

Hesso 

1889 

391  do 

Hochstetter 

1887 

Raw  x".i  vez" 

99.9^  1 wk,„  0 - t»2  wk 

Houston 

1909 

River,,  lab  conditions 

99^  in  3 do 

It 

1910 

le 

6 d. 

Kahn 

1929 

Well 

12  d. 

ti 

tt 

River „ boiled 

3 d. 

ft 

tt 

Raw  river 

<24  hr. 

ft 

1930 

Boiled  water,,  5 tniUc  open 

<72  hr« 

ft 

tt 

" n n n 3oal" 

C.72  hr. 

H 

tt 

ed 

Filtered 

••■•.•,14.8  hr. 

It 

ft 

Heated  5>5>C  for  hr-o 

-'72  hr. 

ft 

ff 

Opori  boiled  Ht5d  vapor 

<72  hr. 

It 

ft 

from  raw  water  at  80C 
for  15  m:''' 

TABLE /^/  ^ (OONT’D)  THE  SURVIVAL  OP  VIBRIO  COMMA  IN  VATER 


Pactor( s) 


Survival 


NATURAL  WATERS  (contM)  i 

Vibrio  comma 

bponed  boiled  plus  vapor  11  d* 
from  raw  water  at  901 
for  15  min. 

Heated  at  50C  for  lf>  min.  < Hlj.  lir. 

" " 8OC  « « n C120  hr. 

" « 90c  " « <96  hr. 

Water  72  hr. 

Spring  30  d.  • 

Well  and  tap,  10|<3  Inoo,  10, 100-8, 700j 

Recov.  0,  24.  hr, 

Unater.  tap  and  river  [|.~6  d. 

Well  13"16  d. 

Star,  tap  and  river  plua  2 d. 
pr  otozoa 

Hill  -spring,  untreated,  1 hr. 

rav/ 

Hill  spring,  autoclaved,  I8  hr. 
raw 

Calcutta  tap,  \xntreateds -- I8  hr. 
raw 

Calcutta  tap,  untreated,  2 d. 

f il  t. 

Calcutta  tap,  autoclaved,  24.  hr. 
raw 

Calcutta  tap,  ” 12  d. 

filtered 

River,  untreated,  raw  I8  lur-. 

" " filtered  2 d. 

" autoclaved,  raw  3 d. 

" " filt.  2 d. 

Dulhouele  sq.  taiik,  un-  :4-8  hr. 

treated,  raw 

Dulhousie  aq.  tank,  un”  7 d. 

treated,  filt. 

Dulhousie  aq.  tank,  auto-  3 d. 
claved,  raw 

Dulhousie  sq.  tank,  " x5  d. 

claved,  filt. 

Norheldanza  & Vetudanza  72  hr. 

tank,  untreated,  raw 

Norheldanza  & Vetndanza  7 d. 

talk,  untreated,  filt. 

Norheldanza  St  Votudanza  12  d, 

bank,  autoclaved,  rav^ 

Horholdenza  & votudanza  I8  d. 

tank,  autoclaved,  filt. 

Water  or  urine  2 d» 


15  d. 

72  hr. 
7 d. 

12  d. 
18  d. 


River,  uno.onco 
” cono . 

Natural  (Aaaaon) 


2 d. 

41  out  of  66  samples 
23  out  of  66  samples 
90.5”95/^  positive 


j Reference 

f 

I 

I Kahn  : 


1930 


1 Karllnski 


Koch 

Kraus 


1889 

1886 

1887 


jKyriaaldea  1931 

«t  « 


Lahlri 


1939 


Lu-Ti-Huan  1933 
Panja  194? 

j It  ti 

Pandit  1938 


TABLE 


(CONT’D) 


THE  SURVIVAL  OP  VIBRIO  COMMA  IN  WATER 


Pact or (a) 

Survival 

Reference 

NATURAL  WATERS  (coni' d) 

Vibrio  cotmna 

Artiflcal  water  plus  salt 
and  organic  matter  for 
growth 

Tap,  25c 

Ster.,  25-27C 
" soda  water 

River  and  tap,  30-25,  12- 
15,  7-ioc 

River  and  tap  and  well 

>3 

56  d. 

7 d. 

Inoc.  agar  cult.  48  hr. 
37CJ  10  d. 

15  d. 

8 d. 

Read 

Schobel 

ft 

Slater 

Wolffhugel 

Yasuhara 

1939 

,1914 

ft 

1893 

1886 

1926 

DISTIliBo  HA^IitR 
Vibrio  comma 

Ster*  disi* 

<1  d. 

Argelles 

1927 

Dist. 

29  d. 

Camarossa 

1922 

" plus  CuSoir  l50M 

1 lu*. 

Picker 

1898 

fl  ^ 1 

Inoc.  4,500;  24  lu*. 

Hank in 

1896 

m i 

34  hr. 

Hochatetter 

1887 

" river 

< 24  hr. 

Kahn 

1929 

Ster.  dlat,,  15-20C 

39  d. 

Strauss 

1889 

n ft 

6 mo.  ?c  23  d. 

Tanner 

19^ 

Dist. 

Short 

Wolffhu«el 

1886 

T51! 

Vibrio  comma 

l/ater,  -8  to  -30C 

1 d. 

Lu-Tl-Huan 

1930 

Ster.  salt  water,  0.5- 

Recov.  0,  6-7  d. 

Ronk 

1893 

0.7C 

Ster.  salt  water,  0.5" 
0.70 

Inoc.  1,483,000/cci 
Recov.  62,1|45«cc;  24 
hr. 

ft 

ft 

SALiiJ:^  s6LtH;i<jM 
SEA 

Vibrio  comma 

1 

Sea 

12  d. 

Arguellos 

",  on  bouillon,  370 

Inoc.  1,000;  4 d. 

DeOiaxa 

1889 

" " agar,  370 

" 8/10;  2 d. 

ft 

n 

" ster.,  on  bouillon. 

" exclusively,  5 d. 

n 

ft 

370 

Sea,  ster.,  on  agar,  37( 

1 " vei'y  few,  1 d. 

ft 

tt 

Sea 

4-122  d. 

D'Horelle 

1930 

Bay,  ster. 

Inoc.  149,500;  154  d. 

Gelarie 

1916 

" native 

" * 21  d. 

ft 

It 

Soa,  iflO,  autoclaved 

32  d. 

Gohar 

1948 

" autoclaved  and 

26  d. 

ti 

it^ 

paper  flit. 

Sea,  Seitz  flit. 

1 d. 

t, 

tf 

" " ",  auto- 

5 d. 

n 

tt 

claved,  pulp  dlfto 

Sea,  flit.,  ster.  bact. 

3 d. 

ft 

tt 

suspn. 

Sea  and  sewage,  l8c 

24  hr. 

ft 

fl 

Synthetic  sea 

26  d. 

ft 

n 

TABLE  La/71(C0NT»D)  THE  SURVIVAL  OP  VIBRIO  COMMA  IN  WATER 


Paetor(s) 


SALINE  SOLUTION 
SEA 

Vibrio  comma 


Sea  direct  sun 
Ster.  sea,  25-27C 
Sea, 

« 200 
Bay,  1"5C 
Sea  and  river 
Sea,  30-IQC 


Sea,  36“20C 


Surface 

Center 

Bottom 

PHYSIOLOGICAL 
Vibrio  comma 

Sat.  soln.  of  NaCl 
Saline 

sEwXgg 

Vibrio  comma 
Sewage 
Septic  tank 
Sewage 

" , Seitz  filtered, 

pH  6.5 

Sewage,  autoclaved,  pH 

7.5 

Sewer 
Cesspool 
Ster.  sewage 

n I) 


Vibrio  comma 


Survival 


Lives  longer  than  In 
raw 

8 hr. 

106  d. 

5 d. 

2i).  hr. 

11  d. 

13  d. 

Inoc.  300,000/cc  water, 
After  ij.  hr.  decreased 
99.8^»  after  6 hr. 
slow  increase 

After  1 hr.  decreased 
865^,  2 hr.  91.7^J 
6 hr.  increased  slow 

23  d. 

22  d. 

29  d. 


Leas  than  1 d. 

6 


2lf-48  hr. 

24  hr. 

Capable  of  enormous  mul 

23  d. 

26-29  d. 

6-7  d, 

< hr. 

7i  ™o. 

mo. 


Reference 


Klrlbazeuskl  1934 


Matsuda 

Schobel 

Tohyama 

Yasuhara 

n 


1910 

1914 

1925 

« 

1926 

II 


Yaaukawa  1933 


Arguelles  1927 
Cramarossa  192 


Hoohstetter  I867 


TABLE 


Ul? 


THE  SURVIVAL  OP  VIRUS  IN  WATER 


1 

Factor(s) 

Survival 

Reference 

NATURAL  WATERS 
Polio 

Tap(,  ice  box 

100  d. 

Carlson 

" direct  sunlight 

Inooo  1:100  dil.,  30-45 
mino 

n 

« 

Water 

None 

Francis 

1948 

Tap«  dark«  R.T. 

Susp'n  of  monkey  cord  I 

114  d. 

Kling 

1929 

added  to  water,  RoT 

1 mo 

Landstelner 

1911 

Natural  water,  pH  7»9  " 
8o3.  and  10»11.25, 
f*  0$  ppm-  residual  free 
Cl  and  ol -olS 

10  mo« 

1 

1 

Lensen 

1949 

Several  lakes,  18-2^ <>30, 
pH  7 '>42“8 o 25 ji  0^0^  ppirio  I 

Inoco  0(,25/^,  <10  min. 

1 1 
t 

<1 

H 

residual  Cl 


River,  20-23C,  pH  7. 8-8. 2, 
O0O5  ppnio  free  residual 
Cl,  after  5 mino  contaci 
Lime  treated  well,  21-26C, 
pH  8o0~10«5,  traces  of 
residual  Cl  after  5 mini 
contact 
Creek  water. 

Lymphocytic  chorionienln«l.tlj 

|lnoc»  10 

1 

» 

InoCo  0«25^,  ^1 
0a5<,  1 

Infected  by  the  1 
rat 

min. 

hr. 

hr, 

sotton 

n 

Toomey 

If 

« 

1945 

Chlorinated  drinking 
water,  R.T.. 

Weste'»*r!  equine  encephalitis 
Chlorinated  drinking,  SvT 
Sto  Louis  encephalitis 

Chlorinated  drinking^  R»Tv 

7 p3>i4 

5.2,4  do 
4,3,2  do 

Zichis 

11 

It 

1948 

II 

n 

DISTititiEib  Wa^M 
Yellow  fever 
Dlst,,  ice  box 

10  yr. 

Bauer 

1940 

Polio 

Dlsto,  pH  6o85‘7ol|»  C.05 

10  min. 

Lensen 

1949 

ppm.,  residual  Tree  Cl 
Vaccinia  virus 
Dlstoo  18-^570 

60  do 

Noguchi 

1918 

SEWAGE 

Polio 

Sewage,  7 OP 

Rego  at  5-14  d. 
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Sewage  of  polio  victjJims 
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H 

1943 

and  carriers 

TABLE \A^}  ^ (CONT»D)  THE  SURVIVAL  OP  VIRUS  IK  WATER 


Factor (a) 


BE855E 

Polio 
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7o90>i  dark 
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as  low  as  1100  ppmo 
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Survival 


Reference 


, Present  in  late  summer 
and  fall 

188  d. 

Non-effective  after  6 hr 
aeration 

Present  when  cases  are 
reported 


Melnick 

1947 

Rhodes 

1950 

Ridenour 

19U 

i 

Trask 

1942 

! 
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THE  SURVIVAL  OP  mSTS  AND  FUNGI  IN  VATER 
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Geotrlohum  sp, 

Dlst. p R.T# 

Epldermophyton  flaocosuin 
Dlst. 0 R.T. 

TJl 


d. 


I 


112  mo. 

I 

i « n 
« « 
tt  n 
M N 
II  II 


I 


Sacoharomyees  ap. 
61st.,-2l  to  -78c 


n 

It 

n 


-lOG,  pH  6.5 

f 

5 


-20C,  " " 


-IOC, 


Reference 


Hoohstetter 
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n 

« 


1887 
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n 

« 

« 

It 

N 


Inoc.  10, 000-100 1 000/ml.  Lund 
More  resistant  to 
freezing  than  thawing 
Inoc.  5SO,000/cc}  Recov. IMcParlane 
68.2j(j  28  wk, 

Inoc.  «0,000/cc;  " 

70.9%J  28  wk. 

Inoc.  kSBfOOO/coi  " 


1941 

n 


" -200,  " " j 

« -IOC,  " 3.7 

" -20C,  " 

Ilnoc.  k55j>000/ccj  " 

80.7jiri  28  wk. 

Inoc.  500»000/co;  " 

99^J  15  wk. 

Inoc.  500,000/cc;  " 

93.256;  15  wk. 

11  N 

II  II 

I 

1 « It 

1 
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GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  UCENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 
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